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Preface

Anemia is a very common condition throughout the world. There are various causes of anemia.
Anemia can develop from the disease itself either from chronic blood loss or from any other con-
ditions, which cause malabsorption of nutrients required for the synthesis of red blood cells and
hemoglobin. It might also result from the associated problems with the disease such as anorexia,
nausea, and vomiting.

The objective of this book was to collect and compile the findings of reputable researchers from
different countries of the world about common forms of anemia in some specific physiological
conditions such as in children, elderly, and pregnant women and in pathological conditions such
as inflammatory bowel disease, chronic kidney disease, systemic lupus erythematosus, and ma-
laria. Different chapters of the book discuss the epidemiology, causes, pathophysiology, clinical
features, laboratory diagnosis, and management of anemia in different diseases and conditions.

Chapters of this book might interest not only the physicians dealing with anemic patients but also
other healthcare professionals and researchers involved in the care of anemic patients throughout
the world. There are 13 chapters in this book, which gives an overall idea of the respective chap-
ters of the authors’ area of interest, where they shared their research and real-life experiences in
managing their patients.

This book is divided into six sections. The first section includes two chapters, which discuss the
common types of anemia: iron-deficiency anemia (IDA) and megaloblastic anemia. The first chap-
ter of this section entitled “Iron-Deficiency Anemia” discusses the overall picture of iron-deficien-
cy anemia. Iron-deficiency anemia is the most common anemia seen throughout the world. Before
knowing about iron-deficiency anemia, it is very important to know iron metabolism. This chap-
ter discusses the metabolism of iron, factors regulating iron metabolism, genetic variants and con-
sequences of iron-deficiency anemia, standard diagnostic criteria, and treatment for iron-
deficiency anemia. The second chapter of this book entitled “Megaloblastic Anemia” provides an
overall idea of megaloblastic anemia including its causes, prevalence, clinical features, patho-
physiology, laboratory diagnosis, differential diagnosis, and treatment.

The second section of the book includes chapters discussing anemia in different age groups such
as in children, in women of reproductive age, in pregnant women, and in the elderly. The first
chapter “Iron-Deficiency Anemia in Children” discusses the epidemiology, risk factors, causes,
clinical presentations, screening, prevention, and treatment of iron-deficiency anemia in children
in detail. The chapter “Iron-Deficiency Anemia and Pregnancy” discusses the prevalence of iron-
deficiency anemia (IDA), bioavailability of iron during pregnancy, and intervention for IDA dur-
ing pregnancy both from their own research and from others. This chapter also discusses the
relationship between obesity and IDA in pregnancy. The third chapter of this section “Anemia in
Women of Reproductive Age” discusses a common condition in women of childbearing age, leio-
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myoma, and abnormal and/or abundant uterine bleeding. This chapter also considers the main
causes of bleeding and the therapy aimed at limiting the amount of blood loss, as well as preoper-
ative treatment of iron deficiency in women with uterine leiomyomas, planning for pregnancy.
The chapter “Nutritional Anemia in Elderly Patients” discusses the common nutrients responsible
for causing anemia in elderly individuals of developed countries. It is thought that usually ane-
mia is a problem of underdeveloped and developing countries. Very few people realize that it can
be a problem of the developed countries as well. In this chapter, the author reviews the literatures
by other researchers as well as by his own experience in this field.

The third section of the book includes several diseases as the cause of anemia such as inflammato-
ry bowel disease, chronic kidney disease, severe malaria, and systemic lupus erythematosus. The
first chapter of this section “Anemia and IBD: Current Status and Future Prospective” provides a
detailed description of the prevalence, pathophysiology diagnostic criteria, and treatment of ane-
mia in IBD patients to ensure better management and better quality of life. The second chapter of
this section “Anemia in Chronic Kidney Disease (CKD) and after Kidney Allotransplantation”
provides a literature summary concerning early diagnosis and treatment of anemia in CKD. As
anemia in CKD has been recognized as a separate independent risk factor of cardiovascular
events, this chapter might be useful for clinicians and contribute to decrease cardiovascular mor-
tality. The third chapter of this section “The Pattern of Anemia in Lupus” discusses the pathophy-
siological mechanism of anemic syndrome in systemic lupus erythematosus (SLE) and the
changes of the immune system, correlation between SLE and anemia of chronic disease, and dif-
ferent important methods to diagnose the pathological process of lupus as an immune disease.
The fourth chapter of this section “Severe Malaria Anemia (SMA) Pathophysiology and the Use of
Phytotherapeutics as Treatment Options” discusses postmalaria severe anemia that results in
high malaria morbidity and mortality. The authors discuss the etiology, pathophysiology, and
management of SMA by phytotherapeutics in reducing severe malaria anemia.

The fourth section “Hepcidin and Anemia” contains one chapter “Influence of Hepcidin in the
Development of Anemia,” which discusses the role of hepcidin, a peptide molecule that regulates
iron homeostasis in the pathophysiology of anemia. Hepcidin contributes to the pathogenesis of
iron-deficiency anemia, anemia of inflammation, and hemoglobinopathies, all of them are dis-
cussed in this chapter.

The fifth section “Laboratory Approach to Anemia” has one chapter that discusses and provides an
overall idea of the use of algorithms as a tool in the determination of anemias in order to reduce the
laboratory tests and accurately diagnose the underlying cause(s) in patients with anemia.

The sixth section “Management of Anemia by Novel Food Product” includes the chapter “Foods
Produced with Cowpea Flour as a Strategy to Control Iron-Deficiency Anemia in Children” that
discusses the usage of cowpea produced in Africa and Latin America, including Brazil, where the
prevalence of anemia is high, to be used in the form of flour in the preparation of cookies for
children for a new and promising strategy to reduce iron-deficiency anemia.

Jesmine Khan

Faculty of Medicine,
Universiti Teknologi MARA,
Malaysia
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Chapter 1

Iron Deficiency Anaemia

Lingxia Zeng, Leilei Pei, Chao Li and Hong Yan
Additional information is available at the end of the chapter
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Abstract

Iron deficiency anaemia as the most common nutrition disorder has only marginal reduc-
tion globally during recent decades, with the highest burden in pregnant women and
young children. Insufficient iron storage and/or excessive loss of iron are common causes
of iron deficiency anaemia. Therefore, understanding the complexity of the regulatory
network required to maintain iron homeostasis and identifying the functional variants
associated with iron metabolism should be fundamental and crucial to control and treat
the iron deficiency anaemia. Sensitive and inexpensive measures to distinguish iron
deficiency anaemia from the other kinds of anaemia should be developed for precise
treatment. Original disease treatments combined with oral or intravenous iron therapy
are key approaches in clinical practices. The integrated, multifactorial and multi-sectoral
approach with food-based strategy and iron supplementation as the leading public health
inventions is required to achieve iron deficiency anaemia control target. This chapter will
focus on the advanced knowledge associated with iron metabolism, disease burden and
health consequences of iron deficiency anaemia in different life course, newly parameters
development in the diagnosis of iron deficiency anaemia, therapy choice in clinical prac-
tice and public health strategies to reduce iron deficiencies in high-burden areas.

Keywords: iron deficiency, iron deficiency anaemia, iron metabolism, hepcidin, iron
supplementation, food fortification, ferritin, transferrin saturation

1. Introduction

As the most common nutrition disorder in both the developed and developing world, affect-
ing more than two billion people, iron deficiency anaemia is recognized not only a clinical
condition but also a serious public health issue, with pregnancy women and pre-school-age
children at the highest risk [1-5]. The annual economic loss because of iron deficiency anaemia

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNN
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in 10 developing countries was estimated about 4% of gross domestic product [2]. Despite
considerable economic and scientific advancement during recent decades, there has been only
marginal reduction in the global prevalence of anaemia with more than 50% of cases caused
by iron deficiency [2, 4].

This chapter will summarize the advanced knowledge associated with iron metabolism,
health burden, newly parameters development in the diagnosis of iron deficiency anaemia,
therapy choice and public health strategies to reduce iron deficiencies in high burden areas.

2. Iron metabolism and hepcidin, potential regulators associated with
iron metabolism

2.1. Iron metabolism pathway

The absorption of dietary iron is a variable and dynamic process, depending on the two primary
forms of haem and non-haem iron. Haem is a component of haemoglobin and myoglobin
and haem iron is complexed as ferrous iron (Fe?) in the haem form, which is present in ani-
mal tissues such as meat, poultry, fish and shellfish [6]. Most of non-haem iron (Fe* or ferric
iron) is provided by the vegetarian diet (black tea, cacao, cereals, dried fruit etc.). Although
haem iron could represent ~40% of animal tissue iron and be better absorbed, it only accounts
for less than 15% of total iron intake [7, 8]. In spite of the low absorption rate, the majority
of the dietary iron is obtained from non-haem iron. Studies have confirmed that animal tis-
sues (meat, poultry and fish) and vitamin C and organic acids could enhance iron absorption,
while high intake of phytates, tannins, calcium and zinc may tend to inhibit the absorption of
iron [9, 10].

It is currently well known that most of dietary iron is absorbed by enterocytes of the duo-
denal lining. The first step to absorb iron is that the insoluble ferric iron (Fe*) has to be con-
verted into the ferrous form (Fe?") by a brush border ferric reductase (duodenal cytochrome B,
DCYTB) in the duodenum and upper jejunum. The ferrous iron is then transferred across the
enterocyte membrane into the cell by divalent metal transporter 1 (DMT1). Afterwards, the
iron is stored in these intestinal lining cells as ferritin which is accomplished by Fe** binding
to apoferritin, or could be released into the body via the only known iron exporter ferroportin.
Cooperated with either of the ferroxidases hephaestin (enterocytes) or ceruloplasmin (other
cell types) that facilitate iron extraction from the ferroportin channel, ferroportin at the baso-
lateral membrane transports Fe*" that is subsequently loaded onto plasma transferrin (Tf) [11].

In blood, plasma iron-loaded transferrin (Tf-Fe*") transports iron to all cells in a transferrin
receptor-mediated endocytotic process [6]. Iron-loaded Tf binds to transferrin receptor 1 (TfR1),
and their complex internalizes and enters into cells, wherein iron releases by pH-dependent
mechanism. As it provides most of the iron required for various functions of an organism,
plasma transferrin plays a crucial role in iron metabolism. TfR1 is highly expressed on haemo-
globin-synthesizing erythroblasts. Most of plasma iron is used by bone marrow to synthesize
haemoglobin in red blood precursors. Several other cell types, such as enterocytes, hepato-
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cytes and reticuloendothelial macrophages, are considered to be major iron storage sites. Iron
release from or store in enterocytes, hepatocytes and macrophages depends on plasma iron
levels, to meet the physiological demand. In a review published in Cell, Hentze et al. carefully
discussed these mechanisms and summarized them in a single figure (Figure 1) [11].

2.2. Hepcidin and potential regulators associated with iron metabolism

In the human body, the iron homeostasis is tightly regulated to avoid both deficiency and
excess. Hepcidin is a core regulator of the entry of iron into the circulation, which is a peptide
hormone synthesized mainly in the liver, which was discovered in 2000. Previous studies have
confirmed that hepcidin is not liver specific but also expressed in other tissues, such as the
kidney, heart and lungs [12]. Hepcidin is first synthetized as an 84-amino acid (aa) prepropep-
tide, and then further processed into 60-64-aa prohepcidin. Finally, mature and biologically
active 25-aa hepcidin is produced by truncating the proregion from prohormon convertase
furin [13]. When the hepcidin level is abnormally high, serum iron falls due to iron trapping
in macrophages and liver cells, and decreased gut iron absorption by reducing iron transport
across the gut mucosa (enterocytes). In the instances, it is clear that anaemia will develop due
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Figure 1. Mechanism of systemic iron metabolism. Derived from: Hentze et al. [11].
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to lack of inadequate amount of serum iron being available for developing red cells. In the
state in which the hepcidin level is abnormally low, on the contrary, iron overload occurs due
to increased iron efflux from storage and gut iron absorption. Tandara et al. have discussed
the mechanisms of hepcidin regulating iron homeostasis and summarized them in a single
figure (Figure 2) [14].

So far, at least four major separate pathways in hepcidin regulation have been confirmed,
such as regulation by iron status; dietary iron and iron stores; regulation by inflammation;
regulation by hypoxia/anaemia and regulation by erythroid factors [15, 16]. These different
regulatory inputs are integrated transcriptionally.

At the molecular level, it is not still completely clear that iron stores regulate hepcidin syn-
thesis, but haemojuvelin (HJV), haemochromatosis protein (HFE) and transferrin receptor 2
(TfR2) have been proven to be upstream regulators of hepcidin. HFE acts as a bimodal switch
between two sensors of the concentration of Tf-Fe*, TfR1 and TfR2, on the plasma mem-
brane of hepatocytes [17]. HFE binds the ubiquitously expressed TfR1 at a site that overlaps
the transferrin binding domain, and Tf-Fe** thus competes with HFE binding to TfR1. By
contrast, TfR2 can bind both HFE and Tf-Fe*" simultaneously [18]. Although HFE and TfR2
clearly contribute to hepcidin activation, the bone morphogenetic protein (BMP) signalling
pathway is quantitatively the most critical. It has been proposed that HJV acts as co-receptor
that binds to bone morphogenetic protein (BMP) ligands and BMP type I and type Il receptors
on the cell surface. This complex (HJV-BMP ligand-BMP receptors) consequently induces an
intracellular BMP signalling pathway which in turn activates the SMAD4 signalling pathway.
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Figure 2. Maintenance of systemic iron homeostasis regulated by hepcidin. Derived from: Tandara and Salamunic [14].
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The drosophila mothers against decapentaplegic (SMAD) complex translocate to nucleus and
directly increases hepcidin gene transcription [19-21]. BMP/SMAD signalling cascade of HJV
is important for basal regulation of hepcidin transcription [22]. Thus, HJV is central for hepci-
din expression, and the point of convergence of multiple regulatory inputs. Transmembrane
protease, serine 6 (encoded by the TMPRSS6 gene) has been identified as an inhibitor of hep-
cidin activation by cleaving membrane HJV under normal conditions [11, 23, 24]. If TMPRSS6
gene mutations occur, hepcidin levels increase and result in insufficient iron absorption [25].

Hepcidin synthesis is also dramatically induced by infection and inflammation. In particu-
lar, interleukin 6 (IL-6) is the central inducer of hepcidin synthesis during inflammation [14,
26, 27], which acts on hepatocytes and stimulates hepcidin production through signal trans-
ducer and activators of transcription (STAT3) signalling pathway [28]. Hepcidin mediated by
IL-6 often results in cellular iron retention and hypoferremia, thus anaemia develops due to
restricted iron availability in haemoglobin synthesis [14]. In the condition in which anaemia/
hypoxia develops, hepcidin gene expression decreases along with the increase of erythro-
poietin expression. Tissue hypoxia increased erythropoiesis and further suppress hepcidin
expression. Several bone marrow-derivated signal molecules that regulate the process of
erythropoiesis mediating hepcidin have been found, including growth differentiation factor
15 (GDF15), twisted gastrulation protein homologue 1 (TWSG1), hypoxia inducible factors
(HIF) and hormone erytropoetin [29-31]. Furthermore, iron responsive element (IRE)/iron
responsive proteins (IRP) system also tightly regulates cellular iron uptake and storage and
coordinatively keeps cell iron homeostasis.

Iron responsive proteins 1 (IRP1) and 2 (IRP2) in cytoplasmic can sense the level of iron in
transit pool and bind specifically to RNA stem-loops (iron responsive element, IRE), and post-
transcriptionally modify the expression of proteins involved in iron metabolism [14].

2.3. Genetic variants associated with iron deficiency anaemia from genome-wide
association studies

The iron metabolism is tightly and precisely regulated by several interacting iron-binding fac-
tors. The development of genome-wide association studies (GWAS) has confirmed that the
mutation of genes in iron metabolism, like transferrin, transferring receptors, matriptase-2, hep-
cidin, may determine the phenotypic variation in iron homeostasis between individuals [32].
Mutations in the gene (HAMP) encoding hepcidin can increase iron absorption and lead to
juvenile haemochromatosis [33]. Due to the same regulatory pathway, mutations in these genes,
including those encoding HJV, HFE and TfR2, clearly result in iron loading syndromes [32].

However, limited information is available about gene variants associated with iron deficiency
anaemia. The inherited disorders of iron metabolism played an important role in iron defi-
ciency anaemia. For example, in two association studies of iron metabolism disorders, the
SNP rs235756 in BMP2 brings about the decrease of serum ferritin level [34, 35]. Mutations
in the DMT1 gene occur in patients with microcytic anaemia, low serum ferritin and liver
iron overload [36]. Studies also showed that mutations in the matriptase gene (TMPRSS6)
cause iron-refractory iron deficiency anaemia [11]. It has been suggested that the mutation
G277S of the TF gene alone does not affect iron absorption in iron deficient women and a
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combination of polymorphisms may be involved in iron metabolism [32, 37]. The recently
determined mutation in the glutaredoxin 5 (GLRX5) gene leads to microcytic, hypochromic
anaemia with iron overload and the presence of ringed sideroblasts in the bone marrow
upon Perl’s staining [38]. According to the European Network of Rare Congenital Anaemia,
62 rare anaemia subtypes are shown recently, including haemolytic anaemia and anaemia
arising from mutations in genes that control duodenal iron absorption (e.g. SLC11A2), sys-
temic iron homoeostasis (e.g. TMPRSS6) or erythroid iron absorption and utilization [8]. The
genetic forms of sideroblastic anaemia such as mutations in glutaredoxin 5, aminolevulinic
acid synthetase 2 and ABCB?7 genes provide the updated information.

3. Disease burden and adverse health consequences of iron deficiency
anaemia in different life courses

3.1. Disease burden

WHO estimated that the highest prevalence of anaemia was in the population of pre-school-
aged children, pregnant and non-pregnant women, but lower for school-aged children, men
and the elderly [8]. Data in 2010 showed more than 2.2 billion people were affected by anae-
mia and global prevalence of anaemia was 32.9%, and iron deficiency was reported as the
most common cause of anaemia [4]. WHO estimates that 50% of cases are due to iron defi-
ciency, and regional disparities exist [4, 39]. In detail, results from studies conducted in the
United States reported the prevalence of iron deficiency ranges from 4.5 to 18.0%. But the
proportion of anaemia caused by iron deficiency in central Asia, south Asia and Andean Latin
America were 64.7, 54.8 and 62.3%, respectively [8, 40].

In 2010, global anaemia causing 68.36 million years lived with disability (8.8% of total for all
conditions) [4]. The distribution of anaemia prevalence was unbalanced across regions, central
and West Africa and south Asia were the highest anaemia prevalence regions in middle- and
low-income areas, and high-income areas had lowest anaemia prevalence (Table 1). In addi-
tion, this trend was similar among the higher risk population of anaemia (children under 5
years, pregnant women from 15 to 49 years, non-pregnant women from 15 to 49 years) [5].

3.2. Consequences of iron deficiency anaemia

The population of pre-school-aged children, pregnant and non-pregnant women was the
highest prevalence of anaemia [8], the consequences of iron deficiency anaemia among pre-
school-aged children, pregnant and non-pregnant women should be emphasized.

The consequences of iron deficiency of pregnant women are multiple. First, iron deficiency dur-
ing pregnancy was significantly associated with increasing perinatal mortality. Evidence from
six observational studies showed a combined odds ratio of 0.75 (association between anaemia
and maternal mortality) associated with a 10 g/L increase in haemoglobin [41, 42]. In addition,
the combined OR was 0.72 for perinatal mortality associated with a 10 g/L increase in hae-
moglobin [41, 42]. Another study (RCT) conducted in China found prenatal supplementation
with iron-folic acid was associated with a reduction in early neonatal mortality compared with
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Prevalence of anaemia (%)

Children (<5 years) Non-pregnant women (15-49 Pregnant women (15-49
years) years)

Middle- and low-income areas
Central and west Africa 71 48 56
East Africa 55 28 36
South Africa 46 28 31
South Asia 58 47 52
East and southeast Asia 25 21 25
Central Asia, Middle East 38 33 31
and north Africa
Oceania 43 28 36
Andean and central Latin 33 19 27
America and Caribbean
Southern and tropical Latin 23 18 31
America
Central and eastern Europe 26 22 24
High-income areas 11 16 22

Table 1. Distribution of anaemia prevalence in middle- and low-income areas by different population.

prenatal folic acid supplementation only [43]. Second, many studies have determinate the asso-
ciation between iron deficiency anaemia and pre-term and low birth weight [44-46]. Evidence
from a retrospective population-based study showed maternal anaemia during pregnancy was
risk factor for pre-term delivery (OR = 1.2) and low birth weight (OR = 1.1) [44]. Results from
a meta-analysis reported that analysis of cohort studies showed a higher risk of pre-term birth
(OR = 1.21) and low birth weight (OR = 1.29) with anaemia in the first or second trimester
of pregnancy [45]. Significant association between prenatal iron deficiency anaemia and low
birth weight was also found in low and middle-income counties [42]. Third, previous study
reported that the fetal brain could be at risk when iron supply does not meet iron demand
[47]. In addition, several observational studies reported the reverse effect of iron deficiency
during pregnancy on intellectual development and motor development of children [48, 49].
One longitudinal study conducted in China found that prenatal iron deficiency anaemia in the
third trimester is significantly associated with mental development of children [48]. Another
prospective study conducted in Vietnam reported that prenatal iron deficiency anaemia hasad-
verse effects on child cognitive development [49].

Iron deficiency is more likely in women of reproductive age because of menstrual blood loss
[50]. Results from some RCTs showed that iron improves cognitive ability, physical perfor-
mance and mood in iron-depleted non-anaemia women [51-53]. In detail, a study found iron
supplementation improved physical performance and mood of female soldiers [51]. One study
conducted in the United States reported iron status was significantly associated with cognitive

9
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ability in women of reproductive age. The iron-sufficient women completed the cognitive tasks
faster than women with iron deficiency anaemia, and got higher accuracy of cognitive function
over a broad range of tasks [52]. Another study also reported the negative effect of maternal
anaemia diagnosed postpartum on language comprehension of children [54].

Children under 5 years with iron deficiency anaemia test lower in social-emotional, cognitive
and motor development than control group children [47, 55-59]. For motor development,
an observational study conducted in African-America found poorer motor function in iron
deficiency infants [56]. Another longitudinal study found lower motor scores in infants with
chronic iron deficiency anaemia. In addition, long-term effect of chronic iron deficiency anae-
mia in infancy on motor development in early adolescence was exist, and even iron treatment
at the age of 12-23 months did not prevent long-term effect of iron deficiency in infancy
on motor development [57]. A study conducted in the United States showed positive effect
of iron status of infants at 9 months on gross motor development and motor coordination/
sequencing [58]. For cognitive development, a meta-analysis estimated that a 10 g/L haemo-
globin increase was significantly associated with a 1.73 increase in IQ tests [41]. Another study
found children with iron deficiency anaemia at 54-60 months age had lower score for verbal
reasoning test compared to non-anaemia children [59].

Iron deficiency anaemia is prevalent in the elderly, particularly after the age of 80 [60]. Chronic
blood loss, micronutrient-related anaemia and renal disease are important mechanisms for
low haemoglobin level [61]. A cohort study conducted in Taiwan reported iron deficiency was
significantly associated with cardiovascular disease and all-cause mortality in elderly [62].
A prospective study conducted in Korea found anaemia was associated with physical func-
tioning impairment and instrumental activities of daily living in elderly [63]. A Norwegian
prospective study reported the significant association between low iron status and increasing
risk of death from ischaemic heart disease [64]. Result from a cross-sectional study conducted
in England reported the significant relationship between iron status and symptoms of depres-
sion [65]. Many studies have extensively investigated the association between iron deficiency
and productivity [42, 66], because the role of iron in oxygen transport to muscles and other
tissues, and in other metabolic pathways by which iron deficiency can cause aerobic work
capacity reduction [42]. Previous studies reported the positive effect of iron supplementation
on work productivity of female cotton-mill workers in China, female tea-plantation work-
ers in Sri Lanka and rubber plantation workers in Indonesia [66, 67]. Iron deficiency would
cause work performance reduction and has substantial economic consequences accordingly
in countries in which physical labour is prevalent [42, 67].

In summary, the consequences of iron deficiency anaemia in different populations were multiple.
For pregnant women with iron deficiency anaemia, the effects were mainly on perinatal mortal-
ity, pre-term birth, low birth weight, offspring intellectual development and motor development.
For non-pregnant women, the effects were mainly on cognitive ability, physical performance and
mood. For infant, the effects were mainly focus on further social-emotional, cognitive and motor
development. For elderly, the effects were mostly on cardiovascular disease, all-cause mortality,
physical functioning impairment, instrumental activities of daily living, increasing risk of death
from ischaemic heart disease and symptoms of depression. The effect of iron deficiency in adults
on work productivity was also reported.
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4. Standard diagnosis criteria of iron deficiency anaemia

At the population level, haemoglobin concentration is the most reliable indicator of anae-
mia. Meanwhile, measurement of haemoglobin concentration is frequently used as a proxy
indicator of iron deficiency, because measurement of haemoglobin concentration is relatively
inexpensive and easy. According to the criterion of World Health Organization, an adult man
is considered as anaemic when the haemoglobin concentration is less than 130 g/L, whereas
an adult woman is deemed anaemic when her haemoglobin concentration is less than 120
g/L, and this cut-off should be lowered to 110 g/L if the woman is in pregnancy. This cut-off
threshold is 115 g/L between 5 and 11 years, and 110 g/L under 5 years (Table 2) [8, 68].

Patients with severe anaemia can be usually detected by clinical examination such as pallor
of eyelids, tongue, palms and nail beds [8, 39, 69]. In poor areas where laboratory testing is
not feasible, clinical examination should be regularly used to monitor women and children.
As the frequency of conjunctivitis caused redness even in anaemia patients, palm pallor is
preferred to eyelid pallor as a clinical sign for diagnosis of young children. But, clinical mea-
sures are more subjective and have more room for error accordingly compare to haemoglobin
concentration [39].

Because of the complex diagnosis of iron deficiency, use of several indicators in combina-
tion could be better for us to assess iron deficiency [8]. First, red cell indices on full blood
counts show a reduced mean cell volume, which corresponds to microcytosis, and a reduced
mean cell haemoglobin, corresponding to hypochromia. But the thresholds are not com-
monly agreed [70]. Second, mean cell haemoglobin and volume are widely available, sensi-
tive and inexpensive measures, but these indictors become abnormal only in longstanding
iron deficiency. Moreover, mean cell volume could be normal if combined with nutrient
deficiency [71].

Serum ferritin measurement is the most sensitive and specific test and widely used to identify
iron deficiency [8, 39, 72], but it is spuriously elevate in malignancy, inflammatory conditions
or liver disease. Serum ferritin below the cut-off of 15 pg/L in patients older than 5 years could
be diagnosed as iron deficiency [72]. However, results from previous study indicated that if
the cut-off of ferritin level increase to 30 pg/L, the diagnostic accuracy would be improved.
The sensitivity would increase from 25 to 92% according, compared with the 12 ug/L (cut-off
value), and specificity was unchanged (98%) [73]. For the patients with malignant disease,
acute and chronic inflammatory disorders and liver disease, cut-off value equal or larger than
50 pg/L could still be iron deficient [4, 72]. Results from previous studies suggested cut-off of

Children (0-14 years) Hb threshold (g/L) Adult (215 years) Hb threshold (g/L)
0.5-4 years 110 Non-pregnant women 120
5-11 years 115 Pregnant women 110
12-14 years 120 Men 130

Table 2. Haemoglobin threshold in different population.
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100 pg/L for patients with chronic kidney disease [74], and suggested increasing cut-off to 200
pg/L in case of haemodialysis [75].

A low transferrin saturation level (less than 16%) also strongly indicates iron deficiency (iron
supply insufficient to support normal erythropoiesis), but the threshold will increase to 20%
in patients with inflammation. Because the serum iron will reduce with the increasing of total
iron-binding capacity if the patients with iron deficiency, and finally result in reduction in
transferrin saturation [8, 39].

Serum soluble transferrin receptor (sTfR) is another useful biomarker in diagnosis of iron
deficiency, and is not influenced by inflammation. The synthesis of transferrin receptors will
increase if patients with iron deficiency and lead to an increase in sTfR accordingly [73]. But
there are some limitations when using sTfR to determine iron deficiency. One of the limita-
tions is that if the patients with disorders associated with increased erythropoiesis (haemolytic
anaemia, chronic lymphocytic leukaemia), concentrations of sTfR can be raised accordingly.
Another limitation is that the guidelines are only published in the UK, but standardized cut-offs
worldwide are still absent [75].

Recently, bone marrow aspiration is another option to assess iron stores, and thought of as
the highly specific and not affected by inflammation for diagnosis of iron deficiency. But it is
not used frequently only when other tests are conflicting or negative. As it is expensive and
affected by recombinant human erythropoietin, it is uncomfortable for the patients [8, 39].

For diagnosis of iron deficiency anaemia, it is important to consider the whole picture rather
than relying on single test results when determining the iron deficiency. The diagnosis of iron
deficiency for the patients with inflammation is challenging and also cannot be determined
on the basis of a single test result.

5. Therapy choice in clinical practices

The goals of treating iron deficiency anaemia are to treat its underlying cause and supply enough
iron to normalize haemoglobin concentrations and replenish iron stores. Considering its cause
and severity of iron deficiency anaemia, treatments may include dietary changes and supple-
ments, medicines and surgery. Severe iron deficiency anaemia may require a blood transfusion,
iron injections or intravenous (IV) iron therapy, which may need to be addressed in a hospital.

5.1. Oral iron therapy

Medical care starts with establishing the diagnosis and reason for the iron deficiency. Iron
supplementation is used to prevent iron deficiency anaemia in at-risk populations, or to treat
patients with proven disease. Treatment with oral iron supplements is simple, inexpensive
and a relatively effective way of treating iron deficient conditions. WHO has recommended
daily iron supplementation with 60 mg of elemental iron to prevent iron deficiency in men-
struating adolescent girls and women, and 2 mg/kg daily in children aged 0-5 years and 30
mg daily in children aged 5-12 years [76-78]. In general, four common iron preparations
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are often adopted, i.e. ferrous sulphate, ferrous sulphate exsiccated, ferrous gluconate and
ferrous fumarate. When side effects occur (dark stools, constipation, stomach irritation and
heartburn), iron can be taken with meals, but doing so decreases absorption to 40% [8]. The
best source of iron is red meat, especially beef and liver. The body tends to absorb iron from
meat better than iron from non-meat foods. However, some non-meat foods can also help
you raise your iron levels. Furthermore, Vitamin C helps the body absorb iron, whose good
sources are vegetables and fruits, especially citrus fruits.

In most patients, the iron deficiency should be treated with oral iron therapy, and the under-
lying etiology should be corrected so the deficiency does not recur. However, there are cases
that iron supplements are inappropriate to patients, for example, those who have a microcytic
iron-overloading disorder (e.g. thalassemia and sideroblastic anaemia).Therefore, it may be
necessary to identify the etiology of the anaemia, such as gene mutation related to iron metab-
olism, occult blood loss undetected with chemical testing of stool specimens; for identification
of a source of bleeding that requires endoscopic examinations or angiography; or for treat-
ment of an underlying major illness (e.g. neoplasia and ulcerative colitis).

5.2. Intravenous (IV) iron therapy

The British Society of Gastroenterology guidelines suggest that all patients require iron sup-
plementation and that parenteral iron can be used if oral preparations are not well tolerated.
For therapeutic iron supplementation, treatment with IV iron in some clinical situations could
present some advantages over oral iron, such as faster and higher increases of haemoglobin
(Hb) levels and body iron stores. Friedrisch et al. suggest the main clinical indications for IV
iron treatment, which contains post-gastrectomy/bariatric surgery, anaemia of chronic kidney
disease, intestinal malabsorption syndromes, anaemia associated to inflammatory diseases,
inflammatory bowel diseases, anaemia of cancer, intolerance to oral iron or non-compliance
to an oral regimen, iron-refractory iron deficiency anaemias and so on [79].

Recently, three new IV iron compounds (ferric carboxymaltose [FCM], iron isomaltoside 1000
[Monofer®] and Ferumoxytol [FeraHeme®]) have been released for clinical use in patients
with Iron Deficiency Anaemia (IDA) [80-82]. Do not administer IV iron therapy to patients
who should be treated with oral iron, as anaphylaxis may result. Uncommonly, post-meno-
pausal women are unresponsive to iron supplementation, including parenteral iron, because
they have primary defective iron reutilization due to androgen deficiency. This condition
responds only to androgen replacement. Danazol is a reasonable choice for these patients, as
it is less masculinizing.

6. Public health strategies to reduce iron deficiencies in high-burden
areas

Although the global anaemia burden has been actually improved and age-standardized preva-
lence of anaemia was down from 33.3% in 1990 to 27% in 2013, according to the analysis based
on 188 countries, 20 age groups, the total population with anaemia increased from 1.83 billion in
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1990 to 1.93 billion in 2013 [2]. Developing countries account for more than 89% of the burden,
with the greatest prevalence in central and western sub-Saharan African and greatest number
of case in South Asia. Children with the highest burden of anaemia consistently have improved
less than adults [2]. Iron deficiency anaemia is the dominant cause of anaemia globally and in
most populations, accounting for 62.6% of the total of anaemia cases, and IDA was also the
greatest causes of anaemia-related disability with 60% of total years lived with disability (YLD)
[2, 83]. Monitoring and controlling IDA has been the crucial driver of reduced global anae-
mia burden since 1990 [2, 3]. Individual-level and population-level interventions targeted iron
deficiency anaemia were implemented and the efficacy and effectiveness of these intervention
strategies were also evaluated with a priority in high-risk, high-burden population such as pre-
school-children and pregnant women. Especially, further actions on iron deficiency anaemia
prevention and treatment are highly required in order to reach the global nutrition targets of a
50% reduction of anaemia in women of reproductive age by 2025 [84].

The World Health Organization (WHO) has published a series of guidelines that support
policies for the prevention and control of iron deficiency anaemia targeted on population
in highest burden of IDA [78, 85-88]. The most common cause of iron deficiency anaemia
in high-burden areas is prolonged negative iron balance, caused by inadequate dietary iron
intake or absorption, increased needs for iron during pregnancy or growth periods, and
increased iron losses as a result of menstruation and parasitic infections [84].

Public health strategies to prevent and control iron deficiency anaemia include improvements
in dietary diversity; food fortification with iron, folic acid and other micronutrients; distribu-
tion of iron-containing supplements. The efficacy and effectiveness of different strategies were
evaluated, based on the evidence from the community-based large-scale intervention studies.

6.1. Improvements in dietary diversity

Health education about food and nutrition such as dietary counselling is one of three recommended
intervention strategies to decrease the IDA burden. Although dietary counselling commonly
resulted in a better dietary intake profile in targeted subpopulation, such as breastfed for longer and
had non-human milk introduced later among infant, consumed more meat and had diets with better
iron bioavailability in relation to the children or pregnant women; however, this kind of interventions
was not sufficient to prevent occurrence of anaemia, ID or IDA in population with high IDA burden
[89-91].

6.2. Food fortification with iron

Food fortification as one of the leading public health interventions was recommended to
prevent and control micronutrient deficiencies including iron deficiency and iron deficiency
anaemia by adding the micronutrients containing iron to processed food vehicles, or home
fortification. The choice of processed food vehicles varies widely by region and context,
depending on the subpopulation targeted, food consumption and acceptability, food avail-
ability and sustainability, as well as the financial and technical concerns. The staple food is the
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most commonly used as vehicle of fortification, in addition, milk powder, beverages, biscuits,
the most commonly used sauce, such as soy sauce, drink and water, can also be used as forti-
fied foods [92-104].

More than 80 countries have mandated fortification of wheat and maize flour with at least iron
and folicacid in 2015 [93]. A review of efficacy and effectiveness of flour fortification programmes
on iron status and anaemia found that flour fortification is associated with consistent reductions
in low ferritin prevalence in women, but not in children. Further, a reduction in anaemia preva-
lence was observed in only one-third of the subgroups of women and children studied [93].

A recently published review on the effect of multiple micro-nutrients (MMN) containing iron-
fortified non-dairy beverages among school-aged children in low-middle-income counties
showed a clear benefit of MMN fortified non-dairy beverages intervention from 8 weeks to 6
months on anaemia (42% reduction in prevalence), iron deficiency (66% reduction in prevalence)
and iron deficiency anaemia (83% reduction in prevalence) compared to iso-caloric controls [99].

Biscuits have been identified to be an ideal vehicle for fortification for school-aged children
due to its convenience with regard to storage, distribution and long shelf life. A nutrition
intervention trial conducted in India showed that iron-fortified biscuits led to a significant
enhancement in haemoglobin status of anaemic school children in rural areas [98]. Another
study showed that maize porridge fortified with multi-micronutrient powder contained low
dose, highly bioavailable iron can reduce the prevalence of IDA in pre-school children [102].
Home fortification with multi-micronutrient powder with low dosages of bioavailable iron
may therefore be a promising strategy to improve iron status among children.

A study involved 3029 students of the boarding schools in the 27 provinces in China showed
that iron-fortified soy sauce could be effective for the improvement of the haemoglobin level
and reduce anaemia prevalence of boarding school students [97].

The beneficial of fortified complementary feeding supplement on the growth of young chil-
dren aged 6-23 months have been confirmed by a large number of nutrition intervention
programme conducted in population with low socio-economic status. Furthermore, the risk
of anaemia among young children was significantly reduced after the daily fortified com-
plementary feeding supplement introduced to infant diet in rural area, which implied that
fortified complementary feeding supplement could be a best intervention strategy target on
young children anaemia [105-112].

The successful implementation of food fortification programme commonly requires govern-
ment-driven and multi-stakeholder participation, which has also become an obstacle to its
sustainability.

6.3. Iron supplementation

Iron supplementation, provided in capsule, tablet or syrup form, is most suitable in contexts
where certain subpopulation may not be reached, or when iron requirements may not be met
by other intervention strategies.
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A series of systematic reviews based on randomized control trial have been carried out to
assess the effect of daily iron supplementation on haematologic and non-haematologic out-
comes in high-burden subpopulations [113-119]. In children aged 4-23 months, daily iron
supplementation effectively reduces anaemia by 39%, iron deficiency by 70% and iron defi-
ciency anaemia by 86% [117]. In 2-5-year-old children, daily iron supplementation increases
haemoglobin and ferritin; however, the evidence on the effect of iron supplementation on
anaemia, iron deficiency and iron deficiency anaemia is limited [114]. In primary-school-aged
children (5-12-year old), iron supplementation reduced the risk of anaemia by 50% and the
risk of iron deficiency by 79% [116, 118].

The World Health Organization has published a series of iron supplementation guidelines,
which provides global, evidence-based recommendations on the daily or intermittent use of
iron supplements for high-burden subpopulation as a public health intervention to improve
iron status and reduce the risk of iron deficiency anaemia in childhood, adolescence, preg-
nancy and lactation [85-88]. WHO suggested iron supplementation scheme targeted on variety
of subpopulation was summarized in Table 3. In summary, the establishment of effective
strategies, an integrated, multifactorial and multi-sectoral approach, is required to achieve
IDA control target [84].

Target group Supplementation Supplement form Frequency Duration Settings
composition
Anaemic 120 mg of Daily Until women's Where prevalence
pregnant women elemental iron Hb concentration of anaemia in
and 400 pg folic rises to normal, pregnant women
acid then followed is 40% or higher
by the standard
daily antenatal
iron dose
Non-anaemic 30-60 mg of Daily During Where prevalence
pregnant women  elemental iron pregnancy of anaemia in
and 400 ug folic pregnant women
acid is 40% or higher
Non-anaemic 120 mg of weekly During Where anaemia
pregnant women elemental iron pregnancy prevalence
and 2800 ug of among pregnant
folic acid women is less
than 20%
Postpartum iron 6-12 weeks Where
women supplementation, following gestational
alone or delivery anaemia is of
combination with public health
folic acid concern
Infants and 10-12.5mg Drops/syrups Daily Three consecutive  Where the
young children elemental iron months in a year  prevalence of
aged 6-23 anaemia in
months infants and

young children is
40% or higher
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Target group Supplementation Supplement form Frequency Duration Settings
composition
Pre-school-age 30 mg elemental  Drops/syrups/ Daily Three consecutive Where the
children (24-59  iron tablets months in a year  prevalence of
months of age) anaemia in
infants and
young children is
40% or higher
Pre-school-age 25 mg of Drops/syrups Weekly 3 months of Where the
children (24-59  elemental iron supplementation  prevalence of
months of age) followed by 3 anaemia in pre-
months of no school or school-
supplementation age children is
after which the 20% or higher
provision of
supplements
should restart
School-age 30-60 mg Tablets or Daily Three consecutive  Where the
children (5-12 elemental iron capsules months in a year  prevalence of
years of age) anaemia in
infants and
young children is
40% or higher
School-age 45 mg of Drops/syrups Weekly 3 months of Where the
children (5-12 elemental iron supplementation  prevalence of
years of age) followed by 3 anaemia in pre-
months of no school or school-
supplementation age children is
after which the 20% or higher
provision of
supplements
should restart
Menstruating 30-60 mg Tablets Daily Three consecutive Where the
adult women and elemental iron months in a year  prevalence of
adolescent girls anaemia in
(non-pregnant menstruating

females in the
reproductive age

group)

adult women and
adolescent girls is
40% or higher

Table 3. WHO suggested scheme daily iron supplementation in different subpopulation.

7. Conclusion —key results

Considering the complexity of the regulatory network required to maintain iron homeostasis,
future fine-mapping studies, including rare and uncommon variants, and functional stud-
ies should be undertaken to better characterize loci and to identify the functional variants

directly influencing iron levels in iron deficiency anaemia.
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New parameters which can give useful information about the iron availability for erythro-
poiesis and the erythropoietic activity of the bone marrow, and with stable to inflammatory
conditions, should be developed for the early detection of iron deficiency, monitoring effect of
iron supplementation and treatment, and discrimination the types of anaemia.

Intravenous iron formulation for rapid and high-dose replenishment of depleted iron stores
with very low immunogenic potential is ideal alternative choice for the treatment of iron defi-
ciency anaemia. Iron supplementation and fortification, as two key public health strategies
in reducing the iron deficiency anaemia burden, should be selected in terms of the certain
population subgroups targeted. The establishment of effective strategies, an integrated, mul-
tifactorial and multi-sectoral approach, is required to achieve IDA control target.
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Abstract

Megaloblastic anemia is a multisystem disorder, which can easily be diagnosed with high
index of suspicion and by correct application of its pathogenetic mechanisms. Any factor
inhibiting deoxyribonucleic acid (DNA) synthesis, drugs (medications), infections like
human immunodeficiency virus (HIV) and gas like nitrous oxide will cause megaloblas-
tosis. However, poor diet, problems with absorption, transportation and metabolism of
the vitamins, as well as factors that increase demand and ultimately exhaust the store
of the vitamins like chronic hemolytic states, pregnancy, malignancies happen to be the
commonest causes of megaloblastic anemia. A complete blood count, blood and marrow
films review reflect the typical pathognomonic cytologic appearance of megaloblastic
anemia. Logically selected biochemical tests help in establishing diagnosis through deter-
mination of serum levels of both folate and cobalamin and assessment of the metabolites,
which are considered to be more sensitive and specific. Also, full endoscopic studies are
required to confirm the presence of disorders of gastrointestinal tract responsible for
impaired absorption. Clinical features are subtle and widely varied. It is highly amenable
to therapy once the primary cause is established and managed. Appropriate replace-
ment therapy of deficient nutrient, cobalamin or folate or both, easily corrects anemia.
Pernicious anemia often requires lifelong therapy with parenteral cobalamin.

Keywords: anemia, megaloblast, blood and marrow smears review, neuropathies,
replacement therapy

1. Introduction

Anemia, technically, describes a condition in which an individual’s hemoglobin level (or
hematocrit) falls two standard deviations below the average mean of normal for individuals
of same age, sex, and altitude [1, 2]. The functional consequence of anemia decreased oxygen
carrying capacity of the blood and general tissue hypoxia.
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Megaloblastic anemia refers to a group of anemias that have in common a selective reduction
in the rate of deoxyribonucleic acid (DNA) synthesis; however, transcription, translation, and
protein synthesis proceed normally. Consequently, a resultant unbalanced cell growth ensues
and the dichotomy between the rates of cytoplasmic and nuclear maturation widens with
each division during erythropoiesis until eventually the cell either dies or omits terminal divi-
sion making it to survive as oversized end stage cell (macrocytes) with a shortened lifespan.
Therefore, the retarded DNA synthesis leads to accumulation of dead and dying megaloblasts
in the marrow, creating a spurious appearance of marrow hyperplasia but with a gradual
reduction in the number of matured cells being pushed out and eventually progressed to pan-
cytopenia. The megaloblastic anemias are caused by vitamin B, , deficiency, folate deficiency,
or by related conditions that caused impaired DNA synthesis.

1.1. History

Many researchers sequentially contributed to the discovery and identification of its etiology.
Addison in 1849 was the first to characterize it as anemia, general languor, and debility [3].
In 1877, Osler and Gardnerin discovered its association with neuropathy and its association
with myelopathy was documented 10 years later by Lichtheim. Megaloblasts were identified by
Ehrlic in 1880 while the abnormalities in leukocytes were described in 1920. It was confirmed by
Minot and Murphy that the disease is reversible by the intake of large amount of liver [4]. Castle,
in 1929, discovered the presence of “intrinsic factor” in gastric acid that facilitates the absorption
of the “extrinsic factor” [5]. The structure of vitamin B,, was later identified by Hodgkin and this
earned him a Nobel Prize [6]. However, it was Herbert, in 1948, who discovered the structure of
folic acid and described its link with the causation of megaloblastic anemia [7].

2. Epidemiology

Epidemiological studies on megaloblastic anemia in Nigeria and in Africa are sparse.
However, the frequency of megaloblastosis is highest in countries in which malnutrition is
rampant and routine vitamin supplementation for elderly individuals and pregnant woman
is not available. Faulty preparations of foods and increased demand for folate during preg-
nancy are the most common causes of megaloblastic anemias.

About 1 in 7500 people develops pernicious anemia in the US per year but this has been modi-
fied by current fortification of foods and vitamin supplementations in elderly patients in the
US. International statistics showed that pernicious anemia and folate deficiency usually occur
in individuals older than 40 years and the prevalence increases with older populations. The
incidence of pernicious anemia is reported to be higher in Sweden, Denmark, and United
Kingdom than in other developed countries [8].

3. Physiology of cobalamin and folate

Vitamin B, consists of a corrin ring with a cobalt atom in its center attached to a nucleotide por-
tion and they are termed cobalamins. The biologically inactive pharmacologic preparations
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of vitamin B, include cyanocobalamin and hydroxocobalamin whereas adenosylcobalamin
and methylcobalamin that are generated through enzymatic synthesis are the biologically
active forms, whereas adenosyl-cobalamin is the tissue form of vitamin B,,, methylcobalamin
circulates in blood. Although a normal diet provides a large excess of vitamin B, the daily
requirement is about 1-2 g in adults. In the process of digestion, R-protein, either of salivary
or parietal cells origin, binds to liberated cobalamin from complex dietary protein through
the action of gastric secretion made up of pepsin and hydrochloric acid. The cobalamin-R
protein complex is degraded pancreatic secretions in the duodenum to release free cobalamin
that then binds to intrinsic factor that was secreted in the stomach. The cobalamin-intrinsic
factor complex is now transported to the terminal ileum where absorption takes place. Failure
of physiological activity at any of these points results in megaloblastic anemia. Following
absorption, the released vitamin binds a transport protein called transcobalamin (TCII),
which transports the vitamin to enterohepatic circulation. Vitamin B,, is stored primarily in
the liver in an amount of 2-3 mg, which is 1000-fold in excess of daily requirement.

The physiologic role of vitamin B, , include:

a. Conversion of methyl-malonyl-coenzyme A (CoA) to succinyl CoA by adenosyl cobalamin.
b. Conversion of homocysteine to methionine.

c. Synthesis of S-adenosyl-methionine.

3.1. Physiology of folate (pteroyl glutamic acid)

Folic acid, a composite molecule consists of pteridine, p-amino benzoic acid, and glutamic
acid. Folates are available as polyglutamates in many foods like the green leafy vegetables,
yeast, and liver. However, overcooking easily destroys the folate. Folate is absorbed as mono-
glutamates in the upper jejunum. The daily requirement of folate is 150 pg and the body
stores of folate are sufficient for 6 months. The major intracellular compounds are folate poly-
glutamates with attached additional glutamates. Folates are essential in many biochemical
reactions like synthesis of purines, thymine, and deoxyribonucleic acid (DNA).

4. Etiology and pathogenesis

The principal causes of megaloblastic anemia in clinical practice are folate and cobalamin
deficiency either directly or indirectly (see Table 1).

4.1. Major causes of cobalamin deficiency include

Dietary: Dietary cause of cobalamin deficiency is rare except in strict vegetarians who avoid
taking meat, eggs, and dairy products.

Problems with cobalamin absorption: Atrophic gastritis and achlorhydria, which commonly
occur in elderly people are the two conditions which are responsible for impaired release of
cobalamins bound to food. Hence, cobalamin is not released from food for absorptive process.
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I. Cobalamin deficiency

I Folate deficiency

III. Drug-induced
suppression of DNA
synthesis

IV. Inborn errors

(i) Dietary deficiency
(ii) Deficiency of gastric IF

Pernicious anemia or
gastrectomy

(iii) Intestinal
malabsorption
Ileal resection or ileitis

Familial selective
cobalamin malabsorption

Competitive parasites or
infections

(i) Dietary deficiency
(ii) Impaired absorption
Sprue

Extensive small bowel
disease or resection

Intestinal short circuits

Anticonvulsants and oral
contraceptives

(iii) Increased requirement
Pregnancy

Hemolytic anemia

(i) Folate antagonists

(ii) Metabolic inhibitors
of purine pyrimidine
thymidylate synthesis
Other inhibitors

(iii) Alkylating agents

D. Nitrous oxide

(IV) Inborn errors

a. Defective transport of
cobalamin

(i) Defective transport of
cobalamin

(ii) Defective cobalamin
utilization

(iii) Defective folate
metabolism

(iv) Hereditary orotic
aciduria

E. Lesch-Nyhan syndrome

Myeloproliferative and
other hyperproliferative b.
disorders

Fish tapeworm
Defective cobalamin

Bacteria overgrowth in T
utilization

malformed small bowel
c. Defective folate

(iv) Increased Requirement
metabolism

d. Hereditary orotic
aciduria

e. Lesch-Nyhan
syndrome

Table 1. Pathogenetic classification of megaloblastic anemia [9].

Also, autoimmune destruction of gastric parietal cells may lead to failure of intrinsic factor
production. This condition is called pernicious anemia. Pernicious anemia is recognized as
the best-known cause of cobalamin deficiency. It is diagnosed in 1% of people older than 60
years and the incidence is slightly higher in women than in men.

Inhibition of intrinsic factor production can also be caused by H, antagonists.

The release of cobalamin from R-proteins can also be inhibited by the alkaline environment in
the small intestine emanating from pancreatic insufficiency.

On the contrary, the acidic environment seen in conditions like Zollinger Ellison syndrome,
also prevents binding of cobalamin to intrinsic factor hence leading to diminished binding to
intrinsic factor and ultimate interference with cobalamin absorption.

The disorders of the terminal ileum, site of uptake of cobalamin-intrinsic factor complex, can
cause cobalamin deficiency. Disorders that can possibly affect the terminal ileum include trop-
ical sprue, inflammatory bowel disease, lymphoma, as well as ileal resection. Autoimmune
destruction of the ileal receptor, cubilin, as found in Imerslund Grasbeck syndrome equally
distrupts the uptake of cobalamin bound to intrinsic factor.

Also, bacteria colonization can occur in intestines deformed by strictures, surgical blind loops,
scleroderma, inflammatory bowel disease, or amyloidosis blind loop syndrome can result to
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cobalamin deficiency. In this condition, bacteria competes with the host for cobalamin for the
uptake of cobalamin bound to intrinsic factor.

Fish tapeworm such as Diphyllobothrium latum infestation, which is common in places like
Canada, Alaska, and the Baltic sea, feeds on cobalamin in the intestine thereby reducing the
amount of cobalamin available for ingestion by the host.

Miscellaneous causes of cobalamin deficiency include exposure to nitrous oxide, which
through oxidative inactivation of cobalamin causes megaloblastosis. Prolonged exposure to
nitrous oxide can lead to severe mental and neurological disorders. Various medications like
purine analogs (six mercaptopurine, six tioguanine), pyrimidine analogs (five fluorouracil
and five azacytidine), and drugs that affect cobalamin metabolism like P-aminosalicylic acid,
phenformin, and metformin that can cause cobalamin deficiency.

4.2. Major causes of folate deficiency

The main cause of loss of folate from food is poor food preparation through excessive dilution
of food in water, through excessive heating, and subsequent inactivation of folate since folate
is thermolabile. However, food fortification with folate and other vitamins are circumventing
this problem in developed countries. This has to be aggressively promoted in many develop-
ing countries.

The storage of folate is for about 4 weeks after which folate deficiency sets in if folate intake is
stopped. The daily requirement for adult is about 0.4 mg/day.

Folate deficiency occurs in situations where there is impaired absorption due to certain intes-
tinal disorders like tropical sprue, nontropical sprue (celiac disease), amyloidosis, and inflam-
matory bowel disease.

Folate deficiency occurs in situations where there is increased physiologic demand for folate
like chronic hemolytic states like sickle cell anemia, hereditary spherocytosis, and elliptocy-
tosis; pregnancy, lactation, rapid growth, hyperalimentation, renal dialysis, where there is
escalated loss of rapidly dividing cells like psoriasis and exfoliative dermatitis.

Also, medications such as phenytoin, metformin, phenobarbitone, dihydrofolate reductase,
folate inhibitors like trimethoprim and pyrimethamine, methotrexate, sulphonamides, can
cause folate deficiency.

Megaloblastic changes in human immunodeficiency virus (HIV) infection and myelodysplas-
tic disorders are due to direct effect on deoxyribonucleic acid (DNA) in hemopoietic and other
rapidly dividing cells.

4.3. Pathophysiology of megaloblastic anemia

The two vitamins, that is, folate and cobalamin act synergistically in generating the thymidylic
acid used for DNA synthesis. Therefore, in cobalamin deficiency, the megaloblastic arrest is
actually caused by a deficit in folate utilization. As shown in Figure 1 (activated methyl cycle),
methionine is generated by transfer of methylene group from N5-methyl tetrahydrofolate
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Figure 1. Activated methyl cycle.

(FH4) to homocysteine using the enzyme methyl transferase (Methionine synthase). In this
biochemical process, methylcobalamin is the factor that assists in methyl transfer as coen-
zyme form of cobalamin. This is why the morphological abnormalities emanating from either
cobalamin or folate deficiency appear exactly alike.

5. Clinical features

Megaloblastic anemias, irrespective of the cause, share certain general features. The anemia
develops slowly with little or no symptoms until the hematocrit is severely depressed and
at this point, symptoms like weakness, palpitation, fatigue, light headedness, and short-
ness of breath occur. Severe pallor and light jaundice combine to produce a telltale lemon
yellow skin. Slight differences occur in clinical symptoms and signs of megaloblastic ane-
mia depending on whether it is caused by folate deficiency or by vitamin B,, deficiency. In
folate deficiency, main clinical features include anemic syndrome, pallor, icterus, hunter's
syndrome, nail pigmentation, change of hair color (early graying), and splenomegaly in
about 10-15% of patients. In addition to the above mentioned features, cobalamin defi-
ciency manifests with neurological symptoms, which include loss of joint position sense in
the second toes, loss of vibration sense in toes and fingers, paraesthesia, hypoesthesia, tin-
gling sensation, gait abnormalities, loss of coordination, muscle weakness, spasticity, optic
neuropathy, urinary and fecal incontinence, erectile dysfunction, dementia, memory loss.
These neuropathies are symmetric and only affect lower extremities. Demonstrable signs
include positive Romberg’s sign, Babinsky reflex, thermittes's sign, spasticity, hyporeflexia,
and clonus.
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6. Laboratory features

The laboratory features of megaloblastic anemia revolve around the laboratory investigations
and findings of vitamin B , and folate deficiencies (see Figure 2).

6.1. Blood cells

All the blood cells are affected. Erythrocytes vary markedly in size and shape (anisopoikilo-
cytosis), some are large (twice in volume of normal red cells) and oval (egg shaped) (macro-
ovalocytes) and in severe cases erythrocytes show basophilic stiplings and contain nuclear
remnants (Howell-Jolly bodies, cabot rings). The morphologic changes are directly proportional
to the severity of anemia. Circulating megaloblasts (i.e., nucleated red cells that failed to mature
appropriately) are visible in circulation with hematocrit less than 20%. Anemia is typically mac-
rocytic with a mean corpuscular volume (MCV) of 100-150 FL or more. However, the macrocytic
appearance may be masked by coexisting iron deficiency, thalassaemia trait, and inflammation.
It is noteworthy that slight macrocytosis is the earliest sign of megaloblastic anemia. Also min-
gled with macrocytes are fragmented red cells and tear drop poikilocytes. Reticulocytopenia (a
reticulocyte count of <1%) is a frequent finding. This occurs because of inordinate impairment of
erythropoiesis culminating in intramedullary destruction of megaloblasts and resultant reticu-
locytopenia. This is referred to as ineffective erythropoiesis (see Figure 3).
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Figure 3. Cytologic abnormalities of megaloblastic anemia on blood smear.

As concerned about the leukocytes, there is a progressive reduction in white blood cells count
but it rarely falls below 2000 cells/uL. Neutrophil hypersegmentation is another cardinal fea-
ture of megaloblastic anemia. In this case, neutrophil hypersegmentation is declared if neu-
trophils have more than the usual 3-5 nuclear segments/lobes. In other words, finding of a
neutrophil having six or more nuclear segments or 5% of neutrophils have five or more lobes
or in fact if most neutrophils have four or more lobes are strongly indicative of megaloblastic
anemia. It is noteworthy that in nutritional megaloblastic anemias, hypersegmented neutro-
phils are an early sign of megaloblastosis.

Platelets vary widely in size and increased platelet distribution width (PDW) is the usual
indicator. The complete blood count (CBC) often reveals anemia, leukopenia, and at times
thrombocytopenia.

6.2. Serum vitamin B, and folate

These tests are known to be limited by their low sensitivity and specificity, and it has been
shown that the normal lower limits for vitamin B,, levels are not well defined [10]. Aside,
these tests are expensive and not always available to the practicing clinician.

6.3. Serum B, levels

Previous studies showed that vitamin B,, levels were found normal or elevated in myelopro-
liferative disorders, liver disease, congenital transcobalamin II deficiency, intestinal bacterial
overgrowth, and antecedent administration of vitamin B,, [11]

Falsely low vitamin B,, levels with folate deficiency, pregnancy, use of oral contraceptives,
congenital deficiency of serum haptocorrins, and multiple myeloma had been reported in
Ref. [11].

6.4. Serum folate levels

Folic acid deficiency is rare where food fortification is the order of the day like in the US [12].
Although tissue stores may be normal, serum folate levels can decrease within a few days of
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dietary folate restriction [11]. Thus, patients should fast prior to testing for serum folate lev-
els, as serum folate levels increase with feeding. Mild degree of hemolysis can falsely display
elevated serum folate levels because of high concentration of folate within the red blood cell
(RBC) [11].

Inspite of adequate tissue store of folate, certain conditions like pregnancy, use of certain anti-
convulsant drugs and alcohol intake may also cause a decrease in serum levels of the vitamin.
However, in vitamin B,, deficiency serum folate levels tend to increase, probably because
of impairment of the methionine synthase pathway and trapping of methyltetrahydrofolate,
which happens to be the principal form of folate in the serum [13, 14].

6.5. Red blood cell (RBC) folate

In RBC, folate level is regarded as a more reliable source of determining tissue stores of folate.
Unlike serum folate which is affected by dietary intake, RBC folate levels remain constant
throughout the lifespan of the cell. However, assays for measuring RBC folate levels have
also been fraught with unreliability [14-16]. Vitamin B,, deficiency has been established to be
a cause of low RBC folate levels [14, 17, 18]. It is estimated that approximately 60% of patients
with pernicious anemia have low RBC folate levels, presumably because vitamin B , is neces-
sary for normal transfer of methyl tetrahydrofolate from plasma to RBCs [13, 16, 19-21].

6.6. Bone marrow examination

The aspirated marrow is often hypercellular with striking imbalance in nuclear-cytoplasmic
maturation often referred to as nuclear-cytoplasmic asynchrony. This asynchrony occurs
because of progressive impaired DNA synthesis and nuclear derangements that accumulate
with each cell division thereby slowing down nuclear replication and causes cummulative
retardation with each step of maturation division. Therefore, the imbalance in cell growth
becomes most apparent in matured hematopoietic cells. Sideroblasts, red cell precursors con-
taining increased number of iron granules, are increased in proportion. Also, because of ery-
throid hyperplasia, the ratio of myeloid to erythroid precursors (M/E ratio) is reversed and
may fall to 1:1 or even lower.

In severe cases, numerous giant pronormoblasts (promegaloblasts) having an unusually
large number of mitotic figures are present. Macrophage iron content is often increased. Even
with the attempt of masking megaloblastic anemia by the coexistence of microcytic anemia, a
megaloblastic anemia will usually show hypersegmented neutrophils in the blood and giant
metamyelocytes and bands in the marrow.

Substantial disintegration of erythroblasts occurs within the marrow sinuses sequel to undue
prolonged detention of the erythroblasts with uncondensed nuclei wherein products of
their disintegration are scanphage by macrophages. This process is referred to as ineffective
erythropoiesis.

Itis noteworthy that a megaloblastic anemia may be misdiagnosed as acute leukemia when meg-
aloblastic anemia is very severe. In this case, the typical megaloblasts are obviously absent, and
rather most cells available are bizarre megaloblastic pronormoblasts that dominate the marrow
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because of lack of maturation of the erythroid series and hence raising the possibility of erythro-
leukemia. On the contrary, a patient with just macrocytosis, no anemia, and without any cellular
abnormality on the peripheral blood film may not require bone marrow examination.

The granulocytes and megakaryocytes are equally affected by the imbalance of cell growth
in megaloblastic anemia. Myeloid cells are generally oversized but it is the presence of giant
metamyelocytes and giant bound forms that are actually pathognomonic of megaloblastic
anemia. There is also complex lobular hypersegmentation (pseudo hyperdiploidy) of mega-
karyocytes. There may be megakaryocyte fragments and giant platelets in circulation.

6.7. Serum concentrations of methylmalonic acid (MMA) and homocysteine

Several important metabolic pathways require the functions of cobalamin and folate as co-
factors. The generation of methionine from homocysteine requires the co-factors of vitamin
B,, and folate. However, the production of succinyl CoA from r-methylmalonyl CoA requires
only vitamin B,,. The generated succinyl CoA is involved in oxidative phosphorylation reac-
tions within the cells. Therefore, early information regarding the cellular state of vitamin B,, and
folate are provided by these metabolites. The serum levels of these metabolites are helpful in
distinguishing folate from vitamin B , deficiency [22, 23], whereas most patients with only folate
deficiency have normal methylmalonic acid (MMA) or mildly elevated levels, patient with just
vitamin B,, deficiency do have significantly elevated level. It is noteworthy that almost 50% of
patients with elevation of these metabolites do have normal serum vitamin B, levels. Hence,
emphasizing the low sensitivity of serum vitamin B , levels, especially when there are implicat-
ing signs and symptoms.

Overall, measuring serum MMA and homocysteine levels are well established way of differenti-
ating cobalamin deficiency from folate deficiency, whereas in cobalamin deficiency, both metab-
olites are elevated but anemic cobalamin deficient patient show more marked elevations [22, 24].

Nonanemia cobalamin deficient patients are better identified using MMA, which is far more
sensitive than homocysteine, whereas in folate deficient patients there is marked elevation of
homocysteine levels while serum levels of MMA are not elevated [22, 24].

Hence, measurement of serum level of these two metabolites provides a means of distinguish-
ing cobalamin from folate deficiency as well as providing a reliable degree of accuracy in
diagnosing these deficiency states [22, 24].

However, the sensitivity of identifying patients with cobalamin deficiency is masked by
renal dysfunction leading to a falsely elevated serum MMA [24, 25]. Also, hereditary hyper-
homocysteinemia, where elevated homocysteine may cause confusion in diagnosing folate
deficiency. It is recommended that measurement of MMA should be undertaken only if the
initial levels of vitamin B, and or homocysteine are abnormal.

6.8. Holotranscobalamin II (holoTC II)

When there is a discordance between vitamin B,, levels and its metabolites, or even before
measuring vitamin B, MMA, and/or homocysteine serum levels; holotranscobalamin II
(holoTClI) is becoming an emerging marker that may be useful in establishing a diagnosis of
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early vitamin B,, deficiency. It is also a very useful marker in cases of renal failure or myelo-
proliferative diseases in which vitamin B,, concentrations may be falsely elevated B, [24, 25].
Cobalamin is transported to cell membrane receptors by holotranscobalamin II and its serum
concentration indirectly measures the amount of available vitamin B .. It has been validated
that holoTcIl has greater sensitivity and specificity than serum level of vitamin although its
routine use has not been recommended [23, 26].

Opverall, the gold standard for the diagnosis of vitamin B, , deficiency is yet to be established.
Meanwhile, it is recommended that with low initial vitamin B , level (i.e., <150 ng/L) and
in the setting of high clinical index of suspicion of vitamin B,, deficiency, a repeat of serum
level of the vitamin is suggested preferably along with MMA and homocysteine serum levels
[27, 28]. However, in a case of unexplained macrocytic anemia, a complete diagnostic testing
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following a specific algorithm is necessary (Table 2) [29].

Laboratory studies and diagnostic ranges

Situations affecting results

Serum folate
<2 ng/mL is diagnostic

Serum folate
2-4 ng/mL
Falsely elevated

Methyl-tetrahydrofolate [MTHF] and formyl-
tetrahydrofolate (FTHF)
<100-160 mg/L [Indicates deficiency]

Serum cobalamin
<200 pg/mL [diagnostic of deficiency]
>300 pg/mL [rules out deficiency in 95% of cases]

200-300 pg/mL
[indicates need to quantify methylmalonic acid and
homocysteine]

Methylmalonic acid (MMA)
Normal: 70-270 mmol/L

Homocysteine
Normal: 5-14 mmol/L

Elevated MMA and homocysteine:

Falsely low: Pregnancy, alcohol consumption, anti-
seizure >4 ng/mL rules out deficiency drugs, temporarily
(a few days) deficient diet (with normal)

Requires quantification of methylmalonic acid,
homocysteine and intra-erythrocyte folate.
Single intake of folate-rich food.

Falsely low: Pregnancy, alcohol consumption, anti-
seizure temporarily (a few days) deficient diet (with
normal intra-erythrocyte folate).

Compared with serum folate, less likely to alter due to
transient variations such as dietary changes.

Falsely elevated: Single intake of folate-rich food.

Falsely low: Pregnancy, folate deficiency, HIV/Aids, anti-
seizure drugs, multiply myeloma, hairy cell leukemia

Aplastic anemia, myelodysplastic syndromes,
paroxysmal nocturnal hemoglobinuria, Gaucher's
disease, oral contraceptives, Intra-individual variation:
up to 23%, idiopathic origin, laboratory error.

Falsely elevated: Kidney failure, methylmalonic
acidemia. Intra-individual variation: up to 23%.
Falsely low: Use of antibiotics.

Usually elevated with comorbid cobalamin deficiency

Falsely elevated: Hereditary hyperhomocysteinemia:
Intra-individual variation:

17% changes in methyl-THFR, cystathionine beta-
synthase, betaine usually elevated with comorbid
cobalamin and folate synthesis. deficiency.

Cobalamin deficiency (sensitivity: 94%, specificity: 99%).
Normal MMA and homocysteine: rules out deficiency of
both vitamins.

Normal MMA and elevated homocysteine: folate
deficiency (sensitivity: 86%, specificity: 99%).

Table 2. Specific laboratory investigations in suspected case of folate and cobalamin deficiency.
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7. Differential diagnosis

Macrocytosis with MCV (not exceeding 110 FL) occurs in alcoholism, liver disease, hypothy-
roidism, aplastic anemia, myelodysplasia, pregnancy, and in certain disease states associated
with a reticulocytosis (e.g., autoimmune hemolytic anemia).

8. Pernicious anemia (PA)

In pernicious anemia, the gastric parietal cells are destroyed by autoantibody and this results
in failure or impaired production of intrinsic factor [30]. Frequently, both parietal cells and
intrinsic factors are attacked by autoantibodies. The identification of parietal cell autoantibod-
ies is more sensitive whereas the identification of intrinsic factor autoantibody is more specific.

Studies had shown that about 70% of patients with pernicious anemia will produce detectable
levels of such autoantibodies. The clinical symptoms of pernicious anemia developed slowly as
B,, stores are sufficient for about 5 years before deficiency lead to the onset of clinical symptoms.
Therefore, the full clinical picture of severe intramedullary hemolysis culminating in progres-
sively severe chronic anemia, along with severe neurological symptoms with demyelinisation
leading to weakness and paraplegia occurs only rarely. Treatment with parenteral vitamin B,
will lead to a rapid increase of reticulocytes (within 48-72 h) and subsequent correction of anemia.

It is more common in males than in females and has an age peak around 60 year. In perni-
cious anemia, the gastric mucosa is atrophic and the secretion of intrinsic factor is defective.
Inflammatory infiltrate of the gastric submucosa is the earliest gastric lesion in patients with
PA. A type A gastritis involving the fundus and sparing the antrum is the typical finding
in a patient with autoimmune pernicious anemia. The autoantibodies both to parietal cells
and intrinsic factor are detectable both in the serum and gastric secretions. These autoanti-
bodies particularly target the H"/K*-ATPase in the parietal cell resulting to gastric atrophy
and achlorhydria. Studies had shown that parietal cell autoantibody is detectable in 90% of
patients with pernicious anemia and also in 30% of first degree relatives who do not have
pernicious anemia, and only about 2-8% of the normal population have low titer of these
autoantibodies [31]. There are two types of anti-intrinsic factor autoantibodies. The type I
autoantibodies blocks the binding of vitamin B,, to intrinsic factor and type II auto antibody,
seen in 35-40% of patients binds to different epitope of intrinsic factor [32].

A selective malabsorption of vitamin B, underlies the pathogenesis of autoimmune perni-
cious anemia. The eventual deficiency of vitamin B, resulted to megaloblastic anemia and
ineffective erythropoiesis.

9. Treatment of cobalamin deficiency

To treat a case of megaloblastic anemia, all efforts should be applied to exclude the under-
lying cause. Drug-related causes, MDS, and others should be clearly excluded. Since
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anemia of megaloblastosis insidiously develops, patients progressively adjust to the low
hemoglobin and hence blood transfusion is not an option except only in patients with
severe uncompensated and life threatening anemia.

Megaloblastic anemia with established cobalamin deficiency should be given intramuscular
cobalamin of 1000 pg daily for 2 weeks or alternatively thrice weekly for 2 weeks for six doses
and then weekly for another six doses until hematocrit returns to normal. It is given monthly
for life in certain cases like pernicious anemia and in partial or total gastrectomy. Patients
with neurological and mental impairment resulting from cobalamin deficiency deserve a very
aggressive approach.

Oral cobalamin can be adopted when there is enough evidence that the absorptive capac-
ity for cobalamin is intact. It is administered at 1000-2000 pg but a wide range of doses and
schedules have been recommended. It is important to monitor closely for desired response
since absorption can be variable and may be inadequate in some patients. Although intra-
muscular cobalamin is often preferable since it has the potential to bypass all abnormalities of
cobalamin absorption. However, oral cobalamin is less expensive, better tolerated by patients,
and preferable in patients with bleeding disorders like hemophilic patients in whom intra-
muscular injection should be avoided.

There is a need to apply multidisciplinary approach to the management of megaloblastic ane-
mia. The hematologist hold a crucial position in making diagnosis and in management while
the neurologists should be at hand to diagnose and manage potential neurological complica-
tions. The gastroenterologists are involved in ruling out the gastroenterological causes of the
disease by doing both upper and lower endoscopy searching for diseases like atrophic gastritis,
carcinoma of the stomach, and terminal ileitis. Also, pediatricians are needed in diagnosing
and managing children with inborn errors and having megaloblastosis.

9.1. Folate therapy

In folate deficiency, a full hematologic response to physiologic doses of folate at 200 pg daily dis-
tinguishes it from cobalamin deficiency pharmacologic doses of folate at 5 mg daily is required
to achieve full hematologic response [30]. This should not be recommended as a diagnostic test
because neurologic problems may develop in cobalamin deficient patients treated with cobala-
min alone. However, cobalamin may cause a partial response in folate deficiency [31].

Oral administration of folate is always the case except in difficult situation when parenteral
administration may be indicated. At times folate rich diet may suffice. The dose of folate ranges
between 1 and 5 mg daily but a higher dose is indicated in hemolytic conditions like sickle cell
disease, hereditary elliptocytosis, hereditary spherocytosis, and in hyper-homocysteinemia.
Food fortification with folate and supplementation are recommended to reduce the risk of
pancreatic, cervical and colonic cancers, end stage renal disease and in elderly persons [32].

It is however noteworthy that administration of folate to individuals with Cobalamin defi-
ciency increases the risk and frequency of cobalamin-induced neurological and neuropsy-
chiatry disorders. Therefore, folate should not be instituted in patients with megaloblastic
anemia when cobalamin deficiency has not been ruled out [33, 34].
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The response to therapy should be closely monitored using complete blood count (CBC),
reticulocyte count, lactate dehydrogenase (LDH) levels, indirect bilirubin, hemoglobin level,
serum potassium and serum ferritin. It is expected that LDH and indirect bilirubin should
fall rapidly with treatment while there is evident reticulocytosis within 3-5 days and it peaks
between 4 and 10 days. The hemoglobin is expected to rise by 1 g/dL per week and should
rise to normal level within 2 months. It is very important to closely monitor the serum potas-
sium which falls with treatment and may result to death. Potassium supplementation should
be given in case of hypokalemia using oral potassium supplement (slow K) Iron deficiency
can occur because of escalated erythropoiesis and this may impede the rate of response. Iron
therapy is equally necessary [33, 34].

A diagnostic therapeutic trial is allowed when the results of laboratory evaluation become
ambiguous, a clinical trial of cobalamin therapy may be given. This is done only when cobala-
min deficiency has been ruled out.

Particular attention should be placed on the followings:

Hypokalemia, that is, low serum potassium, can occur in a severe megaloblastic anemia on
treatment because of ongoing rapid restoration of erythropoiesis in the bone marrow.

Only about 1% of ingested cobalamin is absorbed through the ileal mucosa when intrinsic
factor is deficient. Therefore, a maintenance daily dose of 1 mg may be sufficient to maintain
steady levels in patients not willing to receive regular injections.

It is also noteworthy that neurological symptoms may be irreversible or may respond slowly
if folic acid was given without cobalamin in combined deficiency or while dealing with very
severe and long standing cobalamin deficiency.
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Abstract

Iron deficiency and iron deficiency anemia remain a major and global public health prob-
lem that affects particularly infants, young children, and women of childbearing age in
developing countries. The prevalence of iron deficiency anemia is still common in indus-
trialized countries despite efforts to improve public awareness and strengthen programs
for the prevention and control of iron deficiency. The most common risk factors for iron
deficiency in early childhood are rapid growth, perinatal risk factors, poor dietary intake,
and gastrointestinal blood loss due to excessive consumption of cow’s milk. Iron defi-
ciency and iron deficiency anemia cause a wide variety of symptoms and changes in
many different tissues. The most concerning consequences of iron deficiency in children
are the alterations of cognitive, motor, and behavioral performance. Persistent neurocog-
nitive changes despite iron repletion have increased the importance of prevention and
early detection of iron deficiency. The main principles of treatment include investigation
and elimination of the underlying cause, iron supplementation, improvement of nutri-
tion, and education of the patient and family. Oral iron supplements are desirable as
first-line therapy. Follow-up is very important to confirm the diagnosis and to ensure that
anemia is adequately treated.

Keywords: iron deficiency, anemia, child, prevention, iron supplementation

1. Introduction

Iron deficiency is the most common micronutrient deficiency worldwide and one of the most
important public health problems, affecting approximately 25% of the world’s population
according to the World Health Organization (WHO). Iron deficiency is the most common in
preschool children and women of childbearing age, particularly in regions of Asia and Africa
with poor access to iron-rich foods [1, 2]. There are lower rates of iron deficiency in developed
countries such as the United States and other industrialized regions with healthy food rich in
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nutrients. However, the problem still exists and can have a great impact on mental and physi-
cal development, health maintenance, and the quality of life of affected children.

2. Epidemiology

Approximately 8% of toddlers in the United States have iron deficiency, and 2-3% have iron
deficiency anemia (IDA) [3]. As age increases, prevalence decreases until adolescence. Sixteen
percent of adolescent girls have iron deficiency, and 3% have IDA [4]. Among American
females aged 12-15 years, the incidence of iron deficiency was 9% and the incidence of IDA
was 2%; in the age group 16-19 years, the incidence was 11 and 3%, respectively [5]. Less than
1% of adolescent males had iron deficiency. Higher incidence of iron deficiency was found in
both male and female adolescents in some other countries [6, 7]. The rate of iron deficiency
did not decline much during the last 40 years, but there were significant improvements in
some subgroups of young children. For example, in children aged 12-24 months, iron defi-
ciency rates declined from 23 to 11% between two study periods [3].

The prevalence of iron deficiency in the United States is higher in children who live in pov-
erty, in low-income families, and in immigrant groups. The highest prevalence was shown in
children with African-American and Hispanic origin [3, 8]. Other risk factors associated with
higher prevalence of IDA are low birth weight, prematurity, and childhood obesity [3, 8, 9].
These high-risk pediatric subgroups should undergo screening.

Pinhas-Hamiel and co-workers showed that the prevalence of iron deficiency was signifi-
cantly associated with increased body mass index (BMI) [10]. Obesity was a risk factor in
both males and females, but it was about three times higher in girls [10, 11]. It is unclear why
obesity is linked to iron deficiency and IDA, but low-quality foods and increased needs com-
paring to body weight may be connected.

Adolescent athletes, vegetarians, adolescents with chronic illnesses, heavy menstrual blood
loss (>80 ml/month), or children who are underweighted or malnourished are at higher risk for
iron deficiency and IDA, and they should also have laboratory screening for anemia [12, 13].

In developing countries, where diets do not contain sufficient red meat, IDA is approximately
seven times more frequent than in Europe or North America. Despite the fact that there is
enough dietary iron in some cases, this is the case because heme iron is absorbed better than
nonheme iron. IDA was found in 2/3 of children and adolescents in Nepal and in Sudan [14],
and in 48.5% of Egyptian children in 2005 [15]. Parasites like hookworm can worsen iron defi-
ciency due to profound gastrointestinal blood loss.

Neonates have total body iron of 250 mg (80 mg/kg), obtained from maternal sources. In the
first 6 months of life, during the period when the infant gets iron-deficient milk diet, this
amount decreases to 60 mg/kg. Infants fed with cow’s milk are at greater risk to develop seri-
ous IDA because calcium from cow’s milk is competing with iron for absorption. Children
should get 0.5 mg more iron than is lost daily in order to maintain a normal body iron of
60 mg/kg.
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The prevalence of iron deficiency exceeds 50% in countries with limited food and nutrient
sources, such as most countries in Africa, Southeast Asia, and Latin America [16]. The preva-
lence of anemia ranges from 45 to 65% in children, 20 to 60% in women, and 10 to 35% in men
[1]. Half of these cases are presumed to be caused by iron deficiency.

The prevalence of IDA is still high in infancy and preschool children, despite improvements
in public health awareness, increased breastfeeding rate, and the presence of iron-fortified
foods in diet [17, 18]. All these facts emphasize the importance of constant surveillance and
early detection, prevention, and intervention toward iron deficiency in childhood, particu-
larly in high-risk groups. Special attention should be paid to discover and treat iron deficiency
during pregnancy and the earliest periods of life, because severe iron deficiency can have a
great impact on child’s growth, development, and learning skills.

3. Definitions

Iron deficiency is a condition when the body lacks sufficient iron to maintain normal physio-
logical functions. It is defined as decreased total body iron or, in some cases, by serum ferritin
level <12 mg/l in children up to 5 years and <15 mg/l in children 5 years and older. Although
the serum ferritin level is useful in defining iron deficiency, this definition can be considered
only if other conditions that can affect ferritin levels (i.e., inflammation or liver disease) are
absent. For children less than 5 years of age with concurrent infection, serum ferritin concen-
trations <30 mg/1 are reflective of depleted iron stores [19].

Anemia is defined as a hemoglobin concentration more than 2 standard deviations below
the mean reference value for age- and sex-matched healthy population. WHO hemoglobin
thresholds used to define anemia in different age groups are [2]:

¢ children 6 months to 5 years: 11 g/dl;
¢ children 5-12 years: 11.5 g/dl;

¢ children 12-15 years: 12 g/dl;

* nonpregnant women: 12 g/dl;

* pregnant women: 11 g/dl; and

* men >15 years: 13 g/dl.

IDA develops when body iron is too low to maintain normal red blood cell (RBC) production.
IDA in young children (up to 5 years) is defined as the presence of ferritin level <12 mg/l and
hemoglobin level <11 g/dl, in the absence of other conditions that can affect these findings [20].

The terms “iron deficiency” and “IDA” are often used in the same context. However, iron
deficiency without anemia is three times as common as IDA. If iron requirements are
below iron intake, total body iron reduces gradually. Hemoglobin levels are initially nor-
mal, reflecting the stage when iron deficiency exists in the absence of anemia. At that point,
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ferritin level and transferrin saturation are reduced. As total body iron decreases and iron
stores are exhausted, hemoglobin levels drop below normal values. Thus, iron deficiency
is defined as reduced body iron but hemoglobin levels are still above the cut-off value for
anemia. Worsening of that condition leads to iron-deficient erythropoiesis and finally to
development of IDA.

4. Pathophysiology

Iron is an essential micronutrient in the human body. It plays an important role in many
metabolic processes, such as oxygen transport, electron transport, and DNA synthesis. Iron is
a component of many cellular proteins and enzymes. Heme proteins, hemoglobin and myo-
globin, contain about 3/4 of total body iron. The rest of body iron is stored in ferritin and
hemosiderin, and about 3% is part of enzyme systems, such as catalase and cytochromes [21].
Iron is mostly recycled from senescent RBCs by macrophages. Only a small proportion of
total body iron enters and leaves the body on a daily basis. Consequently, mechanisms that
affect intestinal absorption and intercellular iron transport have great impact on iron balance.
The serum iron concentration is regulated by absorptive cells in the proximal small intestine,
which can regulate iron absorption to compensate for iron body loss. There are three different
pathways of iron uptake in the small intestine: the heme pathway and two specific pathways
for ferric and ferrous iron, respectively.

Enterocytes absorb heme iron and nonheme iron noncompetitively. Dietary iron contains
both chemical forms of iron. Heme iron is mainly found as ferrous iron (Fe*), while the
most part of nonheme dietary iron is ferric iron (Fe®*). When heme enters the enterocyte,
it is degraded by heme oxygenase with release of iron. It passes the basolateral membrane
of the enterocyte and competes with nonheme iron to bind transferrin in the plasma. The
way of nonheme iron transport in the body is still not known. The concentration of iron in
the enterocytes depends on the body’s needs for iron. Individuals who are iron-deficient
have a small amount of iron in enterocytes, while those who have sufficient body iron have
higher amounts of iron in the absorptive intestinal cells. Iron in the enterocyte regulates
absorption by either up-regulation of receptors or saturation of an iron-binding protein, or
both. Iron that is delivered to other nonintestinal cells in the body is bound to transferrin.
There are two pathways through which transferrin iron can be delivered into nonintestinal
cells: classical transferrin receptor pathway and the pathway independent of the transfer-
rin receptor.

In adults, only 5% of total body iron requirements is from different food sources. This amount
is the same as iron loss, which is mainly from the gastrointestinal tract. The majority (95%) of
iron comes from the breakdown of old RBCs. In children, approximately 30% of iron comes
from diet, probably due to fast growth in pediatric age [21, 22].

There are three major factors that can influence intestinal iron absorption: iron stores in fer-
ritin and transferrin, erythropoietic rate, and bioavailability of iron in foods. When iron stores
decrease, receptors in the intestinal mucosa increase in order to raise iron uptake. Iron absorp-
tion also increases when there is increased or ineffective erythropoiesis.
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5. Risk factors

5.1. Perinatal risk factors

During the intrauterine period, the only source of iron is the iron that is crossing through the pla-
centa. The majority of healthy infants have iron stores of about 80 mg/kg, and 2/3 of total iron is
bound in hemoglobin molecules. Normal hemoglobin concentration is 15-17 g/dl. Healthy infants
have enough body iron for the first 5-6 months of life [22, 23]. There are some conditions that
can reduce iron stores at birth or can act through other mechanisms, thus increasing the risk for
developing IDA during the first months of life. These conditions are maternal iron deficiency, pre-
maturity, administration of erythropoietin for anemia of prematurity, fetal-maternal hemorrhage,
twin-twin transfusion syndrome, other perinatal hemorrhagic events, and insufficient intake of
dietary iron during early infancy. Delayed clamping of the umbilical cord (approximately 120-180
seconds after delivery) can improve the amount of iron and significantly reduce the risk of IDA [24].

Deficiency of iron during pregnancy increases the risk of iron deficiency in the infancy. A
study of Kumar et al. showed that iron in the cord blood sample was in correlation with
mother’s hemoglobin and ferritin levels [25]. The content of iron in breast milk was reduced
in mothers with severe anemia, but it was normal in mothers with mild or moderate ane-
mia. It is recommended to implement iron supplementation during pregnancy in the popu-
lations with high prevalence of maternal IDA. It is also important to provide different kinds
of iron-fortified foods for pregnant women who are at risk to develop IDA [26].

Prematurity is one of the risk factors for IDA because premature infants have smaller total
blood volume at birth compared to healthy term infants, decreased ferritin concentrations,
poor gastrointestinal absorption, and increased blood loss through phlebotomies [27]. Iron is
mostly accumulated during the third trimester of gestation that is shorter in preterm infants.
There is also increased risk for iron deficiency after use of erythropoietin for the prevention
and the treatment of the anemia of prematurity [23].

Chronic fetal-maternal hemorrhage and twin-twin transfusion syndrome (TTTS) can reduce
iron stores and cause anemia in term or premature infants. A small amount of fetal blood (<0.1
ml) is commonly found in maternal circulation. Causes of increased loss of fetal blood into the
maternal circulation are seen as a result of trauma, placental abruption, or may be spontane-
ous and idiopathic. Manifestations of fetal-maternal hemorrhage depend on the amount and
the rapidity of blood loss [28]. TTTS is a rare complication of monochorionic twins (or higher
multiple gestations). It is the result of blood transfusion from one twin (donor) to another
twin (recipient) through placental vascular anastomoses. The donor twin is smaller and often
anemic, and the recipient twin is often plethoric with hemoglobin differences greater than 5
g/dl. Advanced stages of TTTS have 60-100% mortality rate, and fetuses who survive are at
risk of severe cardiac, neurologic, and developmental disorders [29].

5.2. Dietary factors

Feeding and all dietary aspects are very important in early infancy and childhood because
they can greatly impact development of IDA. There are many dietary factors that can affect
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iron metabolism. The most common factors are poor iron intake, decreased iron absorption,
consumption of unmodified cow’s milk before 12 months of age, and occult intestinal blood
loss due to cow’s milk protein-induced colitis [30].

Poor iron intake in infancy usually occurs when babies are fed with infant formulas or transi-
tional foods which are not fortified with iron. In the study from Chile, the prevalence of IDA
was higher in infants fed with the formula without iron (20%), much lower in those fed with
iron-fortified formula (0.6%), and medium in infants fed with human milk (15%) [31]. In another
study, an increased prevalence of IDA in infancy was observed in infants fed with nonformula
cow’s milk > 600 ml or more daily or > 6 breast feeds per day [32]. The amount of iron in human
milk is highest during the first month of life, but gradually decreases in the following period. This
amount varies among individuals. Maternal diet does not affect iron amount in the human milk.

Intestinal iron absorption depends on the form of iron in the foods. Dietary sources of heme
iron, such as fish, meat, and poultry, have higher bioavailability of iron compared to nonheme
sources of iron, such as fruits, vegetables, and grains. There are also various components
of food that influence intestinal iron absorption. Vitamin C increases iron absorption from
bread, cereals, fruits, and vegetables (nonheme iron) but has little effect on the absorption
of heme iron. IDA is a common problem in children who follow a vegetarian diet. Intestinal
absorption of ferrous and ferric iron is inhibited by tannins in different kinds of teas, foods
rich in phosphates, oxalates, carbonates, and phytates (seeds and grains). Purified heme is
absorbed poorly because heme polymerizes into macromolecules. Globin prevents the forma-
tion of insoluble heme polymers so that it remains available for absorption. Peptides from the
degraded globin bind to iron and prevent iron polymerization and precipitation. Different
forms of iron can be absorbed better when given together (i.e., spinach with meat).

One of the most important risk factors for IDA is early introduction of unmodified (nonfor-
mula) cow’s milk. It increases the risk for intestinal blood loss in infants compared with the
formula or breast feeding, mainly due to colitis [33]. Daily intake of 720 ml or more of cow’s
milk in preschool children is associated with increased risk for iron deficiency. The reasons
are low concentration of iron in cow’s milk, low bioavailability of iron, and possibly increased
intestinal blood loss [34]. Sutcliffe et al. reported increased risk for iron deficiency in children
with continued bottle-feeding compared with children with cup-feeding in the age of 2-3
years, mainly due to the greater volumes of cow’s milk in bottle-feeding [35].

5.3. Gastrointestinal disease

Dietary iron is absorbed mainly throughout duodenum. Gastrointestinal malabsorption of
iron occurs in diseases that affect this portion of the intestine, including celiac disease, Crohn
disease, giardiasis, and resection of the proximal small intestine. In children, anemia second-
ary to iron, folic acid, and vitamin B12 malabsorption is a common complication of celiac
disease, and further screening with tissue transglutaminase antibodies has been strongly
recommended [36]. Conditions that cause gastrointestinal blood loss are also associated with
iron deficiency. These include cow’s milk protein-induced colitis, inflammatory bowel dis-
ease (IBD), duodenal/gastric ulcers, and chronic use of nonsteroidal anti-inflammatory drugs
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or aspirin. Iron deficiency occurs in about 60-80% of patients with IBD. Anemia of chronic
disease, vitamin B12 deficiency, folic acid deficiency, and hemolysis contribute to the devel-
opment of anemia in patients with IBD [37, 38].

6. Screening recommendations

Routine screening for IDA should be obtained in children 6-24 months of age. Screening
consists of reviewing risk factors during any possible occasion or visit (risk assessment), and
laboratory testing (laboratory screening) at least once during the mentioned period. Screening
is recommended at all times for all infants and children who have any risk factor (malnutri-
tion, low birth weight, prematurity, signs and symptoms of IDA, or living in the area with
high prevalence of iron deficiency).

6.1. Risk assessment

Review of risk factors in all children is recommended at 4, 15, 18, 24, and 30 months, at 3
years, and once yearly afterward. This is currently the most important and valuable screening
tool, more useful than laboratory testing of hemoglobin. Risk assessment consists of focused
dietary history. The most vulnerable groups are children with the history of prematurity or
low birth weight, infants using low-iron formula, nonformula cow’s milk, soy milk or goat’s
milk before 12 months of age, infants having less than two iron-rich meals daily after 6 months
of age, preschool children drinking more than 600 ml milk per day, or having less than three
iron-rich meals daily.

6.2. Laboratory screening

American Academy of Pediatrics (AAP) suggests laboratory testing as the screening tool for
iron deficiency at 1 year of age [30]. Universal laboratory screening is recommended for all
children 9-12 months of age. Additional laboratory screening is recommended for children
with risk factors for iron deficiency and IDA. There are two groups of children that should
undertake additional laboratory screening:

- children with high risk for iron deficiency —repeated laboratory testing at 15-18 months of
age or when some risk is identified; and

- children with special health needs (chronic diseases, inflammatory disorders, restricted di-
ets) —repeated laboratory testing in the period of early childhood (2-5 years of age).

Laboratory screening in most cases includes complete blood count, which includes hemo-
globin, hematocrit, mean corpuscular volume (MCV), and red blood cell distribution width
(RDW). The minimum laboratory screening is measurement of hemoglobin with the normal
value greater than 11 g/dl

Laboratory testing of serum ferritin at the time of the first screening is the major diagnos-
tic tool in children with risk factors for iron deficiency and IDA [30]. Ferritin levels should
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be always evaluated carefully because ferritin is nonspecifically elevated in a wide variety
of inflammatory conditions. A C-reactive protein can help to validate the results of serum
ferritin levels. Other screening measurements that can be taken into account as a different
approach for iron deficiency include reticulocyte hemoglobin concentration and combination
of soluble transferrin receptor and hemoglobin [39].

It is recommended by AAP to perform risk assessment once a year during the period of ado-
lescence. Adolescents with risk factors (those with a history of IDA, low-iron diet, or girls
with heavy menstrual bleeding) should have laboratory testing for anemia [40]. Considering
different opinions on screening recommendations in adolescents, each physician should
personally decide about the screening process based on the risk factors. Laboratory testing
should be done every 5 years starting from age 13 in girls, and at least once during the rapid
growth period in boys. Children with any risk factor (increased physical activity, special
diets, obesity, malnutrition, chronic illnesses, and heavy menstrual bleeding in girls) should
be monitored more frequently [12].

There is some controversy on routine screening for iron deficiency in areas with low rates
of iron deficiency and IDA (i.e., United States). Studies provide little evidence that routine
screening or iron treatment improves child’s growth and neurodevelopmental outcome. On
the other hand, routine screening is recommended because of the important health benefits.
Besides, a physician should not decide about screening program only based on symptoms
and risk factors in a child. Those who favor screening for iron deficiency in the adolescent
period list high prevalence of anemia in that population and adverse consequences of iron
deficiency [41]. The screening tests are generally minimally invasive (blood sample), and
therapy for IDA is safe.

7. Prevention

Many recommendations for prevention of iron deficiency and IDA have been published, and
the most commonly used are those provided by WHO and AAP. Widely used approaches
include iron-fortified foods in a diet, iron-rich formulas, introduction of cow’s milk in a diet
from 12 months of age, screening for iron deficiency, and iron prophylaxis in infants [30].

It is important to emphasize that only a fraction of dietary iron is absorbed from food,
depending on bioavailability (dietary iron absorption). Human milk contains only 0.3-1.0
mg/l of iron, but the bioavailability of iron is 50%, while milk formulas contain 12 mg/1 of iron
with bioavailability of iron 4-6% only [42]. As mentioned above, dietary iron has two main
forms: heme and nonheme iron. Plants and iron-fortified foods contain nonheme iron only,
whereas meat, seafood, and poultry contain both heme and nonheme iron. Heme iron has
higher bioavailability than nonheme iron. The bioavailability of iron is approximately 14-18%
from mixed diets, and 5-12% from vegetarian diets. Daily iron requirements vary depending
on age and gender. Requirements for iron are 0.6 mg/day in healthy infants and 0.8 mg/day
in preadolescent children. Adult males need 1 mg/day of iron, and adult females need 1.5 mg/
day [43]. The recommended dietary iron for healthy full-term infants (from birth to 12 months
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of age) is 1 mg/kg/day (maximum 15 mg); for premature infants 2-4 mg/kg/day (maximum
15 mg); for toddlers 1-3 years of age 7 mg/day; for children aged 4-8 years 10 mg/day; for
children aged 9-13 years 8 mg/day; for adolescent boys aged 14-18 years 11 mg/day, and for
adolescent girls aged 14-18 years 15 mg/day [43]. Boys have increased requirements during
pubertal growth because of expanding blood volume and increase in hemoglobin concentra-
tion. Increased requirements in girls during puberty are mostly due to menstrual blood loss,
although the loss differs in various individuals. Besides, adolescent girls more often have a
tendency to eat food that contains less iron and to avoid high iron-containing foods, contrib-
uting to iron deficiency [44].

7.1. Recommendations for supplementation

Infants who are not breastfed, obtain sufficient amount of iron from iron-fortified formula.
Breastfed infants should receive an additional source of iron (as iron supplement or comple-
mentary food) in these doses:

- Full-term breastfed infants should receive an iron supplement from the age of 4 months (1
mg/kg/day, maximum 15 mg) until the infant has sufficient iron-rich complementary foods
in a diet.

- Premature breastfed infants should receive an iron supplement starting from the age of 2
weeks (2-4 mg/kg/day, maximum 15 mg) throughout the first year of life (as supplements
or iron-fortified formula).

Supplementation of iron is necessary to meet requirements in infants from populations with
high rates of iron deficiency and IDA. In a prospective randomized trial of early versus late
iron supplementation in low-birth-weight infants, infants who received early iron supple-
mentation (started when feedings reached 100 ml/kg/day) had lower risk of infection and
lower number of blood transfusions compared to infants who received late supplementation
(started at 61 days of age) [45]. In a study from India that included breastfed infants at the age
of 4-6 months, oral iron supplementation resulted in better growth, especially in infants who
had anemia or were otherwise nutritionally deficient [46].

Prevention of iron deficiency and IDA varies by geographical region, age group, and other
conditions. In countries with high prevalence of IDA, comprehensive strategies and inter-
ventions for high-risk groups are implemented, in particular for young children, adolescent
girls, women in reproductive age, and pregnant and breastfeeding women. In some regions,
food fortification with iron, control of helminth infection, and control of malaria are effective
approaches to prevent IDA [17].

7.2. Dietary recommendations

The optimal way to reach iron requirements is an improvement of food quality. In countries
with low prevalence of iron deficiency, recommended dietary intake should assure expected
iron requirements. Exclusive breastfeeding is recommended for the first 4-6 months of life.
Preterm breastfed infants should receive an iron supplement from 2 weeks of age. Additional
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source of iron should be given to infants starting at 4 months of age, first as an iron supple-
ment, followed by iron-fortified foods (two or more meals/day meet the expected require-
ments for iron). Partially breastfed and nonbreastfed infants should consume exclusively
iron-fortified formulas [47].

Starting from the age of 6 months, infants should receive one feeding rich in vitamin C (green
vegetables, fruits, and juices) daily. After 6 months of age, meat should be introduced in a
diet. Heme iron (meat and fish) is more bioavailable than nonheme iron (vegetables and cere-
als). Combining heme foods with nonheme foods also increases the absorption of iron [48].
Moreover, consumption of meat meets many requirements besides iron.

Infants should not be given nonformula cow’s milk until the age of 12 months. The higher
concentration of calcium in cow’s milk inhibits absorption of iron. Children aged 1-5 years
should drink less than 600 ml of milk daily. Besides, they should take enough iron-contain-
ing foods to fulfill daily iron requirements. Children, who do not eat at least 2 or 3 iron-rich
foods every day, may have inadequate iron intake and may need iron supplementation
[49].

8. Signs and symptoms

IDA is the final stage of iron deficiency, and the first one that can recover with iron supple-
mentation. Iron deficiency without anemia may also be associated with some clinical signs
and symptoms, such as fatigue, cognitive dysfunction, or decreased energy.

The most common presentation of IDA in an asymptomatic infant or a child, who is well-
nourished and otherwise healthy, is mild-to-moderate microcytic and hypochromic ane-
mia. Slowly progressive paleness may sometimes be missed, but anemia also produces
nonspecific pallor of the mucous membranes. Signs of epithelial tissues that may be asso-
ciated with IDA are koilonychia, glossitis, and angular stomatitis. Severe form of IDA
is much rare and is presented with poor feeding, irritability, lethargy, tachypnea, and
cardiomegaly. Growth is impaired in children with severe IDA, and splenomegaly may
be present.

Symptoms of IDA are presented by many body systems and functions of the affected child:
impaired psychomotor and/or mental development, effects on immunity and susceptibility to
infection, decreased exercise capacity, weakness, pica and/or pagophagia, headache, irritabil-
ity, beeturia, and restless leg syndrome in older children. Some of these symptoms may lead
to long-term consequences. Iron deficiency significantly contributes to thrombotic risk. In
cases of severe IDA, some children may experience acute life-threatening conditions, includ-
ing hypotension, tachycardia, tachypnea, respiratory distress, and congestive heart failure.
The presence of one or more of these findings requires immediate hospital admission and
prompt treatment. Severe IDA may rarely be associated with increased intracranial pressure,
clinical signs of pseudotumor cerebri, or papilledema. All these symptoms resolve with iron
supplementation [50].
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8.1. Neurodevelopmental signs and symptoms

Impaired psychomotor and/or mental development is common in infants with iron defi-
ciency, and neurocognitive impairment in adolescents with IDA [51-53]. Negative impact
on social and emotional behavior may appear and can lead to the development of attention
deficit hyperactivity disorder (ADHD) [54]. Mood swings are frequent. Children with iron
deficiency get tired easier and faster, and play less compared to healthy children. Numerous
randomized trials performed on different pediatric age groups showed that iron supple-
mentation prevented or corrected neurodevelopmental delay. These studies were mostly
performed in low- or middle-income countries [55-57]. In the study from Costa Rica, iron
deficiency and IDA were more frequent in infants fed with nonfortified- iron formula. In
these infants, psychomotor development declined at the age 9 and 12 months. There were
not any significant changes in mental development and behavior [58]. Some other studies
demonstrated that psychomotor impairment might not completely recover after treatment of
moderate-to-severe IDA [56, 59-62]. Children who had iron deficiency at the inclusion in the
study continued to have lower cognitive scores when tested at school age and in adolescence
compared to children with good iron balance and no iron deficiency [59]. Children who were
treated for iron deficiency during infancy had lower scores on electrophysiological tests on
recognition memory at 10 years of age, comparing with children without iron deficiency dur-
ing infancy. Behavioral tests showed similar results in these two groups [61].

The biologic basis of neurodevelopmental disorders is not fully understood. Iron deficiency
decreases expression of dopamine receptors, disrupts function of several enzymes in the
nervous system with subsequent alterations in brain energy, and decreases myelin forma-
tion. Myelination disruption or impairment can be associated with constant changes in trans-
mission through auditory and visual systems. In a study from Chile, auditory brainstem
responses (ABR) and visual evoked potentials (VEP) were measured in two groups of 4-year-
old children: children who were treated for IDA in infancy and non-anemic children who
also received iron supplementation [63]. Subtle auditory and visual dysfunction was dem-
onstrated with longer VEP and ABR latencies in children who had IDA in infancy compared
with control group.

The relationship between IDA and febrile seizures (FS) has been examined in several studies
with conflicting results. Studies that suggest positive correlation between iron deficiency and
FS aim that the possible mechanism is iron-dependent metabolism of some neurotransmitters
[64, 65]. Other studies found no association between iron deficiency and FS [66]. Zehetner et al.
showed that iron supplementation for 16 weeks in dosage 5 mg/kg/day reduced the severity
and frequency of breath-holding spells in children with IDA [67].

8.2. Immunity and infection

Iron deficiency and IDA have numerous effects on immune system and susceptibility to infec-
tion. Iron deficiency in children can induce defective functions of leukocytes and lympho-
cytes, and defective production of interleukin (IL)-2 and IL-6 [68, 69]. On the contrary, iron
overload can increase the risk of infections with specific types of bacteria. Accumulation of
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iron in immune cells interferes with their antibacterial activity, and some bacteria grow well
in an iron-rich environment. Besides, iron-binding proteins transferrin and lactoferrin have
bacteriostatic effects, and these effects are lost when these proteins are saturated with iron [70].

Since both iron deficiency and iron excess can compromise cellular function, the levels of iron
that cells are exposed to should be regulated precisely. In populations with high prevalence
of iron deficiency and IDA, iron supplementation has different effects on susceptibility to
infection and immunity. Low iron status may protect against malaria infection, but malaria in
turn is linked with anemia, and changes in iron metabolism during a malaria infection may
modulate susceptibility to co-infections [71]. Recent study of Zlotkin and coworkers showed
that iron supplementation did not increase the risk of malaria infection [72].

8.3. Exercise capacity

Iron is an essential cofactor in aerobic metabolism. In IDA muscles are forced to depend on
anaerobic metabolism more than they do in healthy nonanemic individuals. Iron deficiency
leads to decreased exercise capacity in children, especially adolescent athletes. IDA is associ-
ated with decreased work capacity [73, 74].

8.4. Pica and pagophagia

Pica refers to unusual appetite for substances that are not food. In children, pica is often
associated with iron deficiency and IDA [75]. The most common form of pica is starch or
clay ingestion. Both substances decrease absorption of dietary iron. Pagophagia is a particu-
lar form of pica characterized by repetitive and compulsive ingestion of ice, freezer frost, or
iced drinks. Some children prefer cold vegetables instead of ice. Pagophagia is very common
in iron deficiency without anemia and is present in a half of patients with IDA. It responds
to iron supplementation very fast, earlier than hemoglobin recovery [76]. The mechanism
through which iron deficiency causes pagophagia is unclear. Biochemical processes involving
the central nervous system might elucidate the underlying mechanism. Pica is not specific for
iron deficiency. It can be found in children with developmental disabilities, such as intellec-
tual disability or autism. It is also described in children after brain injury [77].

8.5. Thrombosis

Both iron deficiency and overload have been associated with an increased thrombotic risk in
experimental and clinical studies. It has been reported that IDA is associated with cerebral
vein thrombosis [78]. In Canadian study, children with arterial or venous stroke who were
previously healthy, had ten times more chance to have IDA than children without stroke
[79]. The mechanism of this association is complex. It may be related to reactive thrombocy-
tosis that is often finding in IDA. Iron deficiency may contribute to a hypercoagulable state
by affecting blood flow patterns. Besides, IDA with hypoxia could precipitate situations of
increased metabolic stress (i.e., infections) in particularly vulnerable areas of the brain sup-
plied by end arteries [80].
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8.6. Beeturia

Beeturia is defined as pink or red urine after the ingestion of beets. It is most common in
individuals with iron deficiency [81]. This manifestation is caused by increased intestinal
absorption and increased excretion of the red pigment betalaine (betanin). The pigment is
decolorized by ferric ions, and urine excretion of betalaine is increased in iron deficiency.

8.7. Restless leg syndrome

This syndrome is a common sleep-related movement disorder characterized with uncomfort-
able urge to move legs. It occurs usually in the evenings, during periods of inactivity and
rest, and is occasionally relieved by movement. Restless leg syndrome is associated with iron
deficiency and is often improved by iron supplementation. The brain iron insufficiency has
been documented by independently replicated cerebrospinal fluid and brain imaging studies
for individuals without IDA [82].

9. Diagnosis

Detailed history and physical examination are essential in diagnosis of any disease. Detailed
history from the parents is very important in diagnosing iron deficiency and anemia, espe-
cially about prenatal period and dietary habits including time of introducing solid foods.

Presumptive diagnosis of IDA is made by a combination of risk assessment and laboratory
testing of hemoglobin level (<11 g/dl). In infants younger than 6 months, lower values of
hemoglobin are observed because of physiological anemia, but hemoglobin values under
9 g/dl demand further evaluation in order to investigate if there is any accompanying fac-
tor. Other findings like low mean corpuscular volume (MCV) or high red cell distribution
width (RDW) help to determine diagnosis. For a definite confirmation, additional steps are
needed:

- Estimate risk factors for lead poisoning and measure blood lead level if it is indicated
[30, 83].

- If there is no evidence of lead toxicity, and the most likely is dietary deficiency, apply em-
pirical trial of oral iron supplementation*

¢ For infants and toddlers less than 24 months of age with anemia—move directly to
empirical trial because IDA is the most probable cause of anemia in this age group.

¢ For children 24 months of age and older —besides hemoglobin, hematocrit, MCV, and
RDW, evaluate reticulocyte count, peripheral blood smear, and stool for occult blood
before starting empirical trial.

- In children with severe anemia, complicated medical history, and with signs and symp-
toms atypical for IDA, additional testing should be performed before starting treatment.
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These additional steps are necessary because anemia is not sensitive or specific for iron defi-
ciency. Two-thirds of children with iron deficiency in the United States are not anemic, namely
9% have iron deficiency and 3% are anemic. The prevalence of anemia is much higher in coun-
tries with higher rates of iron deficiency. On the other hand, two-thirds of anemic toddlers
have some other cause of anemia apart from iron deficiency [30]. Evaluation for iron defi-
ciency in adolescence should also include serum ferritin levels. IDA in adolescent is identified
by hemoglobin concentration below 11 g/dl combined with low serum ferritin (<12 ng/ml).

9.1. Presumptive diagnosis and empirical trial

In infants and toddlers up to 24 months of age who have mild microcytic anemia with pre-
sumptive diagnosis of IDA based on screening results, the strategy of choice is therapeutic
trial of iron [51]. The recommended dosage is 3 mg/kg of elemental iron, once or twice daily,
best between meals (daily dosage 3-6 mg/kg). Ferrous sulfate is the convenient and most
commonly used form of iron. If there is increase of hemoglobin concentration greater than 1
g/dl after 4 weeks of treatment, the diagnosis of iron deficiency is confirmed. In this case, iron
supplementation and monitoring of the child with laboratory tests should be continued for at
least several months, after hemoglobin levels reach normal range according to age.

IDA is less common in older children than in infants. Additional evaluation, besides complete
blood count, MCV, and RDW, is suggested in children older than 2 years before starting iron
treatment. This evaluation includes reticulocyte count, peripheral blood smear, and stool for
occult blood. If results support the diagnosis of IDA, iron supplementation should be started.
Additional evaluation is required only if there is no response to the treatment.

9.2. Laboratory testing

Basic laboratory testing in diagnosing IDA is complete blood count, including hemoglobin,
hematocrit, MCV, and RDW. More detailed evaluation is needed for children with compli-
cated medical histories, severe forms of anemia (hemoglobin <7 g/dl) or presence of features
that are not typical for IDA. In these cases, several other tests should be performed: serum
iron, serum ferritin, total iron-binding capacity (TIBC), transferrin saturation, and stools for
the presence of occult blood. These tests, although nonspecific for IDA, can support the diag-
nosis of IDA in majority of cases. Low serum iron and ferritin levels with an elevated TIBC
are diagnostic for iron deficiency.

Complete blood count shows the severity of anemia. Increased RDW is the first laboratory
sign of iron deficiency [51, 84]. RDW is high in IDA because there is a wide variation in RBC
size. MCV and mean corpuscular hemoglobin concentration (MCHC) are low. Platelet count
is often elevated, and it normalizes after iron treatment. Peripheral blood smear is an impor-
tant workup in patients with anemia. The first finding of IDA on peripheral smear is anisocy-
tosis. Besides, RBCs are hypochromic and microcytic.

In infants and small children, iron deficiency is usually identified by a serum ferritin concen-
tration <12 ng/ml. Diagnosis of IDA is based on the combination of hemoglobin concentra-
tion below 11 g/dl and serum ferritin levels below 12 ng/ml. However, when examining the
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results, it must be taken into consideration that ferritin is an acute-phase reactant. Elevated
serum ferritin levels have been associated with a wide range of conditions including inflam-
mation, infection, chronic disease, and malignancy [85].

Free erythrocyte protoporphyrin (FEP), soluble transferrin receptor (sTfR), and reticulocyte
hemoglobin content (CHr) are very useful and reliable laboratory tests to support the diagno-
sis of iron deficiency. FEP is a precursor of heme that normally occurs in very low concentra-
tion in RBCs. Elevated FEP values thus indicate early impairment of iron status and provide
information about gradual changes in the iron supply. The sTfR refers to the cleaved extracel-
lular portion of the transferrin receptor 1 that is released into serum. Iron deficiency causes
overexpression of transferrin receptor and sTfR levels. The sTfR is regarded as a more stable
marker of iron levels in an inflammatory state. CHr is a measure of early iron-deficient eryth-
ropoiesis. Reticulocyte hemoglobin content decreases earlier than hemoglobin content of RBC
because normal life span of RBC is 120 days [86]. It has been shown that CHr measurement
is more reliable and accurate laboratory test for the diagnosis of iron deficiency than hemo-
globin level <11 g/dl, resulting in detection of greater number of patients with iron deficiency
comparing to hemoglobin. On the other hand, greater number of falsely identified patients
with iron deficiency was detected also by CHr, which is, although more sensitive, less spe-
cific than hemoglobin [87]. Serum transferrin receptor is found on reticulocytes and increased
number of transferrin receptors is observed in IDA.

Some other types of anemia and other conditions that can be confused with IDA are mild
hereditary anemias (alpha or beta thalassemia traits), mild anemia after recent infection or
immunization, anemia of chronic disease, and combined nutritional anemias (malabsorption
with vitamin B12 or folate deficiency). If the child does not respond to iron supplementation
nor has some predisposing factor, other conditions should be considered.

10. Treatment

10.1. Oral iron therapy

For the successful treatment of IDA in infants and children, it is necessary to determine the
appropriate dose and scheduling of oral iron therapy, apply dietary modifications together
with iron supplementation, and follow-up the response to treatment.

Suggested dose for oral supplementation for infants and children with IDA is 3-6 mg/kg/
day of elemental iron. Ferrous sulfate is generally recommended in a dose of 3 mg/kg of
iron once or twice daily (maximum total daily dose, 150 mg of elemental iron). Elemental
iron constitutes 20% of ferrous sulfate. Ferrous fumarate and ferrous gluconate are other
forms of oral iron salts with different content of elemental iron. The iron supplement should
be given between meals and preferably with juice because absorption of ferrous sulfate is
increased when it is given with juice rather than with milk or other fluids. For maximum
absorption of iron, administration 30-45 minutes before meal or 2 hours after meal is highly
recommended.
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The same doses of oral iron supplementation are recommended as a therapeutic trial for
infants and young children with mild microcytic anemia and presumptive diagnosis of IDA
[51]. Treatment should result in an increase of hemoglobin concentration greater than 1 g/dl
within 4 weeks [30].

Side effects of oral iron preparations are gastrointestinal intolerance in higher doses, gray
staining of teeth and gums (especially when given as a liquid preparation), effects on immune
system, and susceptibility to infection.

10.2. Dietary changes

Dietary changes are necessary not only to prevent iron deficiency but also to add oral iron
therapy. Following dietary changes are recommended for infants and children with proven
or suspected IDA:

1. Infants should not be fed with unmodified cow’s milk or low-iron formula. If infants are
not breastfed or are partially breastfed, they should be fed with iron-fortified formula.
Infants fed with cow’s milk may have iron deficiency as a result of intestinal blood loss
due to cow’s milk protein-induced colitis. Lack of iron fortification in unmodified cow’s
milk contributes to iron deficiency state.

2. When iron deficiency is detected or suspected in a child older than 12 months, intake of
cow’s milk should be limited to 600 ml/day. Higher intake of cow’s milk has been associ-
ated with higher risk for iron deficiency in several studies [34, 88]. Discontinuing bottle-
feeding is also recommended because it generally helps in limiting milk intake [89]. If
IDA is persistent and stool is positive for blood, all milk products should be stopped. In
these cases, child should receive appropriate amount of calcium in a diet (calcium-rich
foods).

3. Parents should be advised to modify child’s diet in order to increase iron consumption.
Infants 6 months and older should have appropriate intake of iron from complementary
foods. Diet should contain cereals fortified with iron, food rich in vitamin C, and pureed
meat.

10.3. Response assessment

Follow-up assessment is necessary to confirm that anemia has been caused by iron deficiency
and the treatment was administered at correct dosage and timing. After 4 weeks of therapy,
complete blood count should be done. It is recommended to perform evaluation when child is
healthy and without viral infection that may cause acute decrease in hemoglobin.

If hemoglobin has increased at least by 1 g/dl after 4 weeks of oral iron supplementation,
therapy should be continued, and hemoglobin re-evaluated every 2-3 months until hemo-
globin reaches the normal value. Iron therapy should be continued additional 2-3 months to
replace iron storage pools. Discontinuation of the treatment can lead to the recurrence of IDA.



Iron Deficiency Anemia in Children
http://dx.doi.org/10.5772/intechopen.69774

If the appropriate response is missing after 4 weeks of treatment, additional evaluation of
anemia is recommended. Possible causes of persistent or recurrent IDA are ineffective treat-
ment, blood loss, malabsorption, or incorrect diagnosis. Parents should be asked whether the
iron preparation has been given at the appropriate dosage and timing, whether suggested
dietary modifications have been done, and if there were any intercurrent illnesses that could
transiently decrease hemoglobin level. If the patient had no intercurrent illness and has been
taking iron supplement in an appropriate dosage and timing, it is suggested to proceed with
the following evaluation:

1. Evaluation for the type of anemia—Measuring of serum ferritin level, hemoglobin electro-
phoresis, vitamin B12, and folate can rule out the thalassemia trait, chronic disease anemia,
and mixed nutritional deficiency. These conditions may imitate or complicate IDA. Very
rare genetic mutations may interfere with iron transport and cause anemia similar to IDA,
but without response to iron supplementation [90].

2. Evaluation for gastrointestinal blood loss—Stool should be tested for occult blood in a few
separate samples. If the results are positive, it is recommended to assess further investi-
gation for common causes of gastrointestinal blood loss, including cow’s milk protein-
induced colitis, celiac disease, and inflammatory bowel disease.

10.4. Parenteral iron therapy

Parenteral iron therapy is reserved for patients with severe forms of anemia who are intolerant
to oral preparations, have poor response to oral supplementation, poor compliance, or mal-
absorption. Children with chronic gastrointestinal diseases as inflammatory bowel disease
may require parenteral iron therapy because they often do not tolerate oral supplementation.

Most commonly used form of iron for parenteral use in children is low molecular weight iron
dextran. It produces mild infusion reactions in less than 1% of patients and serious adverse
effects are very rare [91]. Recently, ferric carboxymaltose administered as a short intravenous
infusion without a test dose proved to be safe and highly effective in children and adolescents
with IDA refractory to oral iron therapy [92]. Evaluation of treatment is usually performed at
4-12 weeks after the initial infusion.

10.5. Blood transfusion

Blood transfusion is rarely required in children with IDA. Transfusions are not considered
necessary even with hemoglobin levels 4-5 g/dl, if the child is otherwise well. Blood transfu-
sion should be administered only when there is an urgent need to restore oxygen-carrying
capacity, i.e., in severe decompensated anemia. IDA develops gradually and over periods long
enough to allow compensatory mechanisms to maintain intravascular volume. Consequently,
there is a real risk of fluid overload with transfusion, and these patients should receive trans-
fusion with caution. Standard of practice recommends slow transfusion of packed RBC vol-
ume of 5 ml/kg over 4 hours to avoid complications [93].
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11. Conclusion

Iron deficiency is the most common nutritional deficiency in the world, affecting more than
a quarter of the global population. Iron plays an essential role in many physiological func-
tions, including oxygen binding and transport, cell growth and differentiation, gene regula-
tion, enzyme reactions, and neurotransmitter synthesis. Iron deficiency develops in stages. In
the first stage, iron requirement exceeds intake, causing depletion of bone marrow iron stores.
As stores decrease, absorption of dietary iron increases compensatory. During later stages,
deficiency impairs erythropoiesis, ultimately causing anemia.

Iron deficiency and IDA have many systemic effects, and the most concerning are diminished
mental, motor, and behavioral functioning that might not be completely reversible after treat-
ment with iron. Therefore, intervention should focus on primary prevention, which includes
breastfeeding, fortification of foods with iron, use of iron-rich formulas when breastmilk is
insufficient, and avoiding cow’s milk before 1 year of age. Routine laboratory screening is
recommended for all children 9-12 months of age. Risk assessment, consisting of focused
dietary history, presents the most valuable screening tool, and additional laboratory screen-
ing is recommended for children with risk factors for iron deficiency and IDA.

Treatment starts with establishing the diagnosis. The main therapeutic principles are detection
of the condition that causes iron deficiency, correction of underlying etiology, iron supple-
mentation, dietary modifications, and education of families. Oral iron is the first-line therapy,
giving in appropriate dose and scheduling. Adequate follow-up assessment for response is
also important. If the appropriate response is missing, further evaluation should be obtained
to rule out conditions that might simulate or complicate IDA.

Abbreviations

WHO  World Health Organization

IDA Iron deficiency anemia

BMI Body mass index

RBC  Red blood cells

TTTS  Twin-twin transfusion syndrome

IBD Inflammatory bowel disease

AAP  American Academy of Pediatrics

MCV  Mean corpuscular volume

RDW  Red blood cell distribution width
ADHD Attention deficit hyperactivity disorder
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Total iron-binding capacity

MCHC Mean corpuscular hemoglobin concentration
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Abstract

Iron deficiency is the most common nutritional deficiency in the world with immense
public health consequences. It has a complex etiology and prolonged imbalance between
dietary intake, absorption, and body needs which leads to iron deficiency anemia. If devel-
oped during pregnancy, it significantly alters pregnancy outcomes. Low birth weight is
one of the main features, and those infants are at increased risk of developing anemia later
in life. Along with widely recommended and practiced supplementation during preg-
nancy, proper combination of foods remain the best way for an optimal absorption of
iron. Dietary iron is directly related to the total dietary energy intake, but depending on
the type of its dietary source, maximum absorption is up to 40% of the total intake. Plant
foods, the basis of everyday diet, contain significant number of dietary factors that inhibit
iron absorption in the gut. Therefore, planning a well-balanced diet in order to achieve
maximum absorption of iron from foods can be challenging. Pregnancy, especially its ear-
liest period, is considered as the critical window in fetal programing, an ideal time frame
to reduce risk factors for a number of health conditions in a newborn. Healthy pregnancy
should be observed as a prerequisite for a healthier society.

Keywords: iron deficiency, iron deficiency anemia, iron bioavailability, pregnancy
outcomes, fetal programing

1. Introduction

Iron is usually discussed from the aspect of undeveloped or developing countries that often
experience food insecurity, or even famine. Deficiency of iron is the most common nutritional
deficit around the globe, therefore the issue of iron is global [1, 2].

This is a multiple stage metabolic process and its main feature is gradual progression of iron
deficiency (ID) toward severely depleted stores of iron in the body when iron deficiency anemia
(IDA) develops. The etiology of IDA (Figure 1) is very complex and includes iron stores, food

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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Figure 1. The etiology of iron deficiency and iron deficiency anemia (prepared according to Refs. [3, 6, 27]).

digestion, iron content, and bioavailability in foods, and iron distribution in the body through
different stages in the life cycle (e.g., adolescence and pregnancy) [3-6]. In developed coun-
tries, the most common causes of IDA include genitourinary tract bleeding, fad dieting, and
low consumption of iron-rich foods or foods that contain highly bioavailable iron. Additional
component is economic poverty that significantly alters the quality of a person’s diet [7].

However, even ID may cause loss of strength and tiredness, impaired immune response,
poorer cognitive functioning, and behavior problems (social/emotional) [3, 8-13].

Pregnancy represents the critical window in child’s development [14-18]. Therefore, preg-
nancy is considered an ideal time frame for all preventive interventions with focus put on not
only iron status, but also obesity, diabetes, and other conditions.

Child’s iron status reflects mother’s iron status during pregnancy, and even before pregnancy.
In terms of fetal programing, early pregnancy is considered extremely important [16, 19-22].
However, pregnancy outcomes, that is, fetal programing depends on numerous factors related
to mother, from maternal age (the risk of adverse pregnancy outcomes increases at the age of
35 years, especially in the case of the first pregnancy), maternal state of nourishment (over-
weight and obesity significantly alters pregnancy outcomes), diabetes or gestational diabe-
tes, and maternal weight gain during gestation [14]. Proper and specifically timed nutritional
intervention could significantly reduce the risk of adverse pregnancy outcomes [19, 20].

From the aspect of iron status, it is important to note that a significant proportion of women
start pregnancy with depleted iron stores [2, 23, 24]. In the United States, more than one-third
of women of reproductive age have deprived iron stores [3]. Additionally, all women having
ID are at the risk of developing IDA early in the course of gestation [1, 21, 25]. Requirements
for iron increase significantly during pregnancy, so if not recognized and treated may cause
adverse pregnancy outcomes, especially for a newborn. Adverse pregnancy outcomes include



Iron Deficiency Anemia and Pregnancy
http://dx.doi.org/10.5772/intechopen.69114

low birth weight infants, preterm delivery, labor complications, and higher rates of cesarean
section [23, 24, 26-30]. The risk increases with the more severe stages of ID [21, 23, 24, 26, 27, 29].
A newborn enters an infinite loop of ID and its related health problems [31].

All stated additionally highlights the importance of proper food combination during preg-
nancy [32]. Timed recognition and proper treatment of ID could significantly alter health
indicators, not only on an individual level but also on a population level. The more recent
findings shed a new light on ID which favors the proposed idea; obesity has been linked to
low iron stores, confirmed in both pregnant women and children [20, 33-37].

2. Definitions and prevalence

Prevalence around the world varies widely. According to the World Health Organization (WHO),
the frequency of ID in developing countries is about 2.5 times that of anemia [1]. However,
Croatia ID is 3.8 times more frequent among pregnant women at early pregnancy [25], which
backs up the theory of depleted iron stores before pregnancy [3]. The incidence is high espe-
cially during pregnancy and lactation in both, industrialized and developing countries [2, 38].
Estimated prevalence of anemia is 43% in nonpregnant women in developing countries and 12%
in wealthier regions [1]. On the other hand, estimates from the WHO report indicate that any-
where between 35 and 75% (56% on average) of pregnant women in developing countries and
18% of pregnant women from industrialized countries are ID, with half of them having IDA [1].

During pregnancy, maternal iron stores should be sufficient to maintain homeostasis of iron
for the normal growth and development of fetus. Still, as pregnancy progresses physiologic
anemia in later phases can be expected, due to hemodilution, a process of nonsimultaneous
and disproportional increase in the total plasma volume (the total increase of around 50%,
caused by aldosterone and estrogen) and the number of erythrocytes (the total increase of
around 33%; erythropoiesis) [3—6, 21]. Moreover, physiology of pregnancy requires additional
800 mg of circulating iron during gestation [3, 6, 39, 40]. Therefore, ID and IDA often develop
during the later stages of pregnancy even in women who enter pregnancy with relatively
adequate iron stores [21, 23].

The WHO defines anemia as hemoglobin level below 110 g/l for pregnant women, or hema-
tocrit level below 0.330 1/1[1, 41]. This criterion has been widely argued for its low sensitivity
toward less severe stages of IDA [25, 30, 40, 42]. Therefore, clinical interpretation is useless
unless iron-binding capacity values, that is, transferrin saturation percentage, are available at
the same time [40, 42]. In IDA unsaturated-iron binding capacity (UIBC) and total iron-bind-
ing capacity (TIBC) are increased while usually transferrin saturation, which normally ranges
between 20 and 50%, drops below 15.0%. So, for screening purpose and clinical decision, the
WHO besides hemoglobin and hematocrit recommends either serum ferritin or transferrin
saturation [1, 41, 42].

In Croatia, based on the WHO criteria, 17.7% (on hemoglobin basis) and 18.5% (on hematocrit
basis) of pregnant women in early pregnancy had either ID or IDA. Clinical criteria showed
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that even 32.8% of pregnant women in early pregnancy had either ID or IDA (transferrin
saturation <20.0%) [25]. The data support the global significance of proper iron stores among
women and ID problem in developed countries.

3. Iron bioavailability

Various food sources have different amounts of bioavailable iron, that is, the amount of iron
that can readily be absorbed in duodenum [6]. Still, a significant number of diet-related fac-
tors affect the final amount of iron available for the absorption.

For the iron absorption acidity in the stomach is very important (Figure 2). Absorption of
nonheme iron is limited to duodenum [6]. Nonheme iron is presented in one of the two forms:
ferric (Fe*) or ferrous (Fe?") form. The ferric form tends to form complex salts with anions and
asks for a very low pH in the stomach (below 3). On the other hand, ferrous iron is soluble up
to pH 8 [6, 43].

Iron in foods is present as heme and nonheme, deferring by solubility, sources, and absorp-
tion level [6]. Foods that are part of the usual, everyday meals have low iron content and low
bioavailability. So, only 10-20% of the total iron intake is absorbed, but the absorption per-
centage is higher if IDA is present [1, 2, 44, 45]. The reason for low absorption lies in numerous
inhibitors of iron absorption, such as phytic and oxalic acid, starch, polyphenols (i.e., tannins

Food/nutrients
with salivary amilases

Duodenum

IRON BIOAVAILABILITY FROM FOODS

phtic atid, cxalic acid, starch, polyphanols, calcium, tannic
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UPTAKE

witamin A, aleohal

. vitmin C, meat, fish and poulry

Figure 2. Parts of the gastrointestinal system important for the digestion and absorption of iron from foods and supplements.
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from coffee and tea), egg white, calcium, other minerals (e.g., zinc), and numerous medica-
ments that diminish gastric secretion (e.g., antacids) [2, 32, 46—49].

Dietary intake of iron directly correlates with energy intake (on every 4184 k] comes about 6
mg of iron) [3, 6, 39, 40]. Recommended intake (presented as dietary reference intakes (DRI)
[50]) for pregnant women along with percentage increase from nonpregnant women recom-
mendations is given in Table 1. Out of all micronutrients, iron and folic acid requirements
increase by 50.0% in comparison to nonpregnant women. Folic acid role in pregnancy extends
the scope of this chapter. For further details please refer to, for example, Banjari et al. [15].

Generally speaking, a well-balanced diet goes hand-in-hand with iron-rich foods. But, despite
general belief of positive shifts in diet quality during pregnancy [51, 52], pregnant women do
not change it significantly through pregnancy [4, 32]. However, changes in lifestyle habits are
reflected in smoking cessation and supplement use, but not in diet quality [4, 32]. Educative
programs for pregnant women could significantly alter their behavior, especially in terms of
diet and not only during pregnancy but on a long-term basis [53-56].

Dietary intervention has shown to improve the iron status of pregnant women gradually
and provides better results long-term [53, 55, 56]. Patterson et al. [56] conducted a 12-week
intervention, with a follow-up 6 months after the intervention on ID and IDA pregnant
women with either iron supplement or iron-rich diet. The supplement group took one
tablet containing 350 mg of slow-release ferrous sulfate tablet per day, which was equiva-
lent to 105 mg inorganic iron. On the other hand, the iron-rich diet group followed a diet
planned to provide approximately 2.25 mg of absorbed iron per day. Both groups showed
significant improvement in serum ferritin levels after the intervention and at follow-up.
However, the increase was smaller in the diet group which continually improved iron

Nutrient DRI % increase Nutrient DRI % increase
CHO (g/d) 175 34.6 Folate (ug/d) 600 50.0
Total fiber (g/d) 28 12.0 B, (ug/d) 2.6 8.3
Protein (g/d) 71 54.0 Pantothenic acid 6 20.0
(mg/d)

Vitamin A (ug/d) 770 10.0 Biotin (ug/d) 30 0.0
Vitamin C (mg/d) 85 13.3 Sodium (g/d) 2.3 0.0
Vitamin D (pg/d) 5 0.0 Ca (mg/d) 1000 0.0
Vitamin E (mg/d) 15 0.0 Cu (ug/d) 1000 11.1
Vitamin K (ug/d) 90 0.0 Fe (mg/d) 27 50.0
B, (mg/d) 1.4 27.3 Mg (mg/d) 350-360 10.9
B, (mg/d) 14 27.3 Mn (mg/d) 2.0 11.1
Niacin (mg/d) 18 28.6 Se (ug/d) 60 9.1
B, (mg/d) 1.9 462 Zn (mg/d) 11 37.5

Table 1. Dietary reference intakes (DRIs) for pregnant women (prepared according to IOM [50]).
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status during 6 months follow-up [56]. These results clearly show the potential of properly
balanced iron-rich diet as a mean for the improvement in iron status, and if timed properly
present the best way to prevent ID and IDA in pregnancy.

The total dietary intake of iron increases significantly through gestation [28, 32, 38, 47, 52],
reaching the highest peak at the third trimester [32]. Still, this amount is significantly under
the recommended intake [50] and as reported by Banjari et al. [32], the total daily dietary
intake of iron in pregnant women satisfies 35.2% in the first trimester, 37.4% in the second
trimester, and increasing to 41.5% in the third trimester of the recommended DRI of iron.
Shobeiri et al. [28] reported the intake of iron in Indian pregnant women to around 60% of
DRI. On the other hand, even with relatively low total dietary intake of iron proper combina-
tion of foods may significantly improve the amount of iron absorbed [32, 56].

The presence of ID or IDA increases the amount of dietary iron which will be readily absorbed
in the gut [2, 3, 6]. Barett et al. [57] have shown that the iron absorption increases through
pregnancy, which is foreseeable as a normal physiologic process in pregnancy. Therefore, the
iron absorption reaches its maximum by the end of gestation. In other words, the absorption
of the total dietary iron starts with 7% absorbed in the first trimester, 36% in the second, and
increases to 66% of absorbed iron in the third trimester, falling again postpartum to starting
level (of around 11%) [57]. Banjari et al. [32] also confirmed that the amount of absorbed iron
follows rising trend toward the end of pregnancy, being the highest in the third trimester
being 1.33 mg of absorbed iron (out of 11.2 mg of total dietary iron intake) [32].

Banjari et al. [32] explained this low level of absorbed iron by the fact that plant foods present
the main source of dietary iron for pregnant women, contributing more than 80% to the total
dietary intake of iron [32]. Plant foods have been confirmed by numerous studies [2, 47-49, 56,
58, 59] to represent the main dietary source of iron for pregnant women.

Another possible reason includes low intake of meat; Banjari et al. [32] reported daily intake
of meat to around 90 g a day. Therefore, the contribution of heme iron to the total dietary
intake of iron is low, varying from 15.8, 16.4, and 16.6%, respectively, through gestation [32].
One of the main reasons is high consumption of chicken meat [32], which does not contain
heme iron [60]. In the past two decades, consumption of poultry increased by 50% while
simultaneously beef consumption fell by 40%; therefore, the amount of heme iron consump-
tion is significantly lower [59]. Still, the so-called meat factor effect as well as amino acids with
sulfur show positive influence on iron absorption [46, 61].

Consumption of cereals is very important part of a well-balanced diet. However, due to high
content of phytates, one of the most potent inhibiting factors for iron bioavailability [46, 62]
must be considered with special care, especially in countries with high consumption of cereals
and cereal products [63-65]. According to Johnston et al. [59], cereals present the most impor-
tant contributing source to overall intake of nonheme iron. These foods are the main source
of the most potent inhibiting absorption factor, phytates [46, 62], which have been shown to
correlate significantly with hemoglobin values of pregnant women, only in the first trimester
of pregnancy [4]. This correlation points out that physiology of pregnancy diminishes the
effect of inhibition by phytates as pregnancy progresses. Cereals and their products may be
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used as highly valuable foods by which an individual could increase the total daily dietary
iron intake [48, 63] and have been used as functional foods, that is, foods enriched with iron
either by a biofortification method or addition of different iron compounds (e.g., electrolytic
iron, ferrous fumarate, ferrous pyrophosphate, ferrous lactate, etc.) [48]. Interventions based
on iron fortification resulted in a significant drop of ID and IDA prevalence in countries, such
as China, Brazil, Venezuela, Morocco, and others [48]. In addition, potential adverse effects
of high intake of iron must be considered [6], but never the less, functional cereal products
enriched with iron could serve as a good basis to improve the total dietary intake of iron of not
only pregnant women, but also menstruating women and children, that is, population groups
at the risk of insufficient intake of iron [63, 66].

Consumption of coffee and tea are additional important factors due to wide consumption on
a daily basis [4, 67]. According to a prospective study conducted in Denmark between 1989
and 1996 on 18,478 singleton pregnancies, 43% of women did not drink coffee, 34% drank one
to three cups a day, with 23% of women categorized as heavy users with four or more cups
a day [68]. The results from the Danish National Birth Cohort covering time frame between
1996 and 2002 showed 81.2% of women reported drinking either tea or coffee, with coffee
being consumed less (44.7% of women) than tea (63.5% of women), and with the average
consumption of two cups per day [69]. The results from the Slone Epidemiology Center Birth
Defects Study [70], which covered three periods, that is, 1976-1988, 1998-2005, and 2009-2010,
show that tea drinking was more popular in early years with 66% of pregnant women con-
suming tea, which dropped to 39% in later years. On the other hand, a prospective study by
Banjari et al. [67] reports that 68.9% of pregnant women were drinking either coffee, tea, or
both during pregnancy, with the highest preference toward coffee (130 out of 153 women).
The inhibiting effect of coffee and tea is related to polyphenols (garlic, tannic, and chlorogenic
acid). Tea shows higher reduction rate (75-80% for cca 200 ml) than the coffee (by 60% for cca
150 ml). Moreover, the consumption of around 100 g of meat reduces their inhibiting effect by
50% [46, 71, 72]. However, it should be noted that pregnant women tend to cease from their
preferred beverage due to nausea or heartburn. Heartburn is experienced by 40-80% of preg-
nant women sometime during pregnancy, while nausea affects nearly 80-90% of pregnant
women followed by vomiting in 50% cases [73]. As reported by Banjari et al. [67], during the
first trimester 17.0% of women gave up their preferred beverage due to nausea, while at the
third trimester additional 17.7% of coffee drinkers and 26.1% of tea drinkers stopped drinking
a particular beverage, referring heartburn as a reason.

Intake of calcium higher than 600 mg/day was found to have the maximum inhibiting effect
on iron absorption [46, 74-76]. However, we must emphasize that in terms of a newborn pro-
longed breastfeeding serves as a protecting agent from IDA [31].

Child’s diet especially in that early period solely depends on the mother [31]. Strong evidence
supports findings that in both low- and high-income settings omission from breastfeeding
contributes to infant mortality, hospitalization for preventable disease, such as gastroenteritis
and respiratory disease, increased rates of childhood diabetes and obesity, and adult disease,
such as coeliac and cardiovascular disease [77]. Breastfeeding impacts IQ and educational and
behavioral outcomes of the child. Importantly, a dose-response relationship was found with



80 Current Topics in Anemia

the greatest benefit resulting from breastfeeding exclusively, with no added food or fluids,
for around 6 months [77], which has been recommended by the WHO [78]. Race and income
are major predictors of whether women will exclusively breastfeed for 6 months. The highest
rate of breastfeeding is among wealthy whites [77, 78]. However, women with low incomes
are often financially compelled to quickly return to the workforce [7], and for them formula is
a convenience. But in a time of prolonged economic poverty child’s dietary patterns worsen,
and mothers even return to earlier practice of giving cow’s milk which worsens the symptoms
of IDA [3, 6, 31, 74].

On the other hand, intake of vitamin C (ascorbic acid) which has the most promoting effect
on iron absorption is especially effective when the most powerful inhibitors are present in a
meal [46, 79]. Besides important correlation with the gastric acidity [79], which has immense
importance for the overall absorption of iron (Figure 2), ascorbic acid prevents the formation
of low soluble ferric compounds by a reduction process [46] and this important promoting
effect has been observed with or without the presence of phytates [80] or polyphenols [46].
The promoting effect of ascorbic acid depends on the meal composition [81].

Besides already discussed inhibiting and promoting factors, two factors have combined effect
on iron absorption. Alcohol increases the absorption of ferric but not of ferrous iron, and this
effect has been attributed to enhanced gastric acid secretion [46]. However, the effect was
not found in red wine, probably due to high polyphenol content [46, 72]. Vitamin A reduces
the inhibiting effect of tea or coffee, that is, it overcomes the inhibiting effect of polyphenols
in these beverages, as well as the effect by phytates. They form a complex which is soluble
even at pH 6, making iron available for absorption in duodenum. An even stronger effect was
found for beta-carotene and other carotenoids (lycopene, lutein, and zeaxanthin) [4].

4. Supplementation and other lifestyle habits

Supplementation in pregnancy is highly recommended [2, 24, 38] because of the already men-
tioned increased needs (Table 1), and low dietary intake [28, 32, 38, 51, 52]. Supplementation
with iron or iron-folic acid has been widely recommended and practiced [4, 21]; in Croatia,
even 82.6% of pregnant women were taking supplements during pregnancy [4]. Still, general
supplementation should be avoided [82] especially having in mind that the recent systematic
review and meta-analysis conducted by Fernandez-Cao et al. [22] found almost 50% increased
risk of gestational diabetes in women having high hemoglobin or ferritin levels, especially
in the first and the third trimesters. Additionally, supplements formulated specifically for
pregnant women differ significantly in their composition, and if only iron is observed, the
intake from producer’s prescribed dose (1 or 2 tablets per day) varies from 8 mg up to even
60 mg of iron [4]. Findings from clinical trials on how different supplementation formulations
affect iron status during pregnancy and pregnancy outcomes (i.e., time of delivery and birth
weight) are equivocal. For example, West et al. [83] conducted a cluster randomized, double-
masked trial enrolling more than 44,000 pregnant women from rural Bangladesh who were
provided with supplements containing 15 micronutrients or iron-folic acid alone. Multiple
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micronutrient supplementation group had statistically significant reduction in preterm deliv-
ery (RR 0.85, P =0.02) and low birth weight (RR 0.88, P <0.001) as compared to iron-folic acid
supplementation group [83]. This contradicts earlier findings from a double-masked random-
ized controlled community trial conducted on pregnant women from rural Nepal [84]. Study
results showed that supplementation with iron-folic acid had increased hemoglobin and had
a 54% reduction in IDA; the combination of folic acid, zinc, and iron had a 48% reduction,
while the combination of folic acid, zingc, iron, and 11 other micronutrients had a 36% reduc-
tion, whereas supplementation with folic acid alone had no influence on IDA [84]. The more
recent meta-analysis performed by Petry et al. [85] found that supplementation with iron or
zinc during pregnancy had no effect on birth outcomes, but did show the positive effect of
low dose daily iron and zinc use during 6-23 months of age on child’s iron and zinc status,
especially weight-for-age and weight-for-height [85]. Supplementation is encouraged due
to expected improvement in iron blood status. A study by Scanlon et al. [29] showed that
the prevalence of anemia (based on hemoglobin level) among iron-supplemented pregnant
women participating in public health nutrition programs is approximately 8% in the first tri-
mester, but this was not confirmed by Banjari [4] reporting that 3.6% of pregnant women were
IDA with additional 10.8% being ID at the first trimester.

One of the most detrimental lifestyle habits during pregnancy is smoking. It has been associ-
ated with the increased risk for spontaneous abortion, especially during the first trimester,
reduced birth weight, and perinatal mortality [86, 87]. In combination with ID and especially
IDA negative effect on pregnancy outcomes is even greater, leading toward low birth weight
and preterm delivery [86, 87]. Smoking cessation is very common among pregnant women,
and as reported by Banjari [4] even 72.8% of pregnant women decided to stop smoking during
pregnancy, while 27.2% of women continue to smoke regardless of all recommendations and
the knowledge of its adverse impact on child’s health.

5. 1D, IDA poverty, and obesity

Iron-rich foods and those that contain nutrients that promote iron absorption fall into
a group of foods with the highest price per serving [88]. According to the Food and Drug
Administration “healthy foods” are defined as foods based on the protein, fiber, vitamins
A and C, calcium, and iron content, and cost analysis showed that grains, dry beans, and
eggs are the lowest cost sources of iron [89]. However, those foods contain iron of very low
bioavailability [32, 46]. A well-balanced diet with highly bioavailable iron must include foods
like meat, fish, and fruits. It is estimated that around one-third of children have low dietary
intake of iron [90]. At the time of economic insecurity and fall in socioeconomic status (SES),
these foods are the first ones being cut from a diet [91].

At first, the link between iron deficiency and obesity seems farcical. However, in the obesity
pandemic era [92], we are experiencing micronutrient deficiencies that are not expected in
developed, rich countries [20, 33-35]. The trend affects all population groups; therefore,
it is no surprise that overweight/obesity condition is considered the number one priority
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currently in obstetrics and gynecology [19]. In Croatia, as reported by Banjari [4], 16.7%
women start pregnancy as overweight, with additional 10.3% being obese. If we add up
excessive weight gain during pregnancy, which was observed among 40.5% of all pregnant
women in Croatia [4], the impact of obesity on pregnancy outcomes and future child’s
health is immense.

The preexistence of overweight/obesity or excessive weight gain during pregnancy rep-
resents a significant risk factor for fetal macrosomia and medical complications, includ-
ing pregnancy-induced hypertension, gestational diabetes, and cesarean delivery [19, 20,
93-99]. Importantly, for women entering pregnancy with a normal body mass index, an
inadequate weight gain poses higher risk [20, 94, 95, 100]. Besides, maternal obesity and ges-
tational weight gain are confirmed risk factors for childhood obesity [98, 101], with effects
that extend into adulthood [98, 99, 102]. No wonder why childhood obesity rates and pre-
dictions seem especially alarming. The predictions say that by 2025 the rate of overweight
children is expected to increase to 15.8%, with additional 5.4% of obese children aged 5-18
years by 2025 [103].

A systematic review by Zhao et al. [37] confirmed a significant correlation between ID
(including the risk of ID) in obese and overweight individuals. Obese individuals despite
their excessive dietary and caloric intake have an unbalanced diet based on carbohy-
drates and fats [35]. This has also been confirmed for overweight and obese children by
Hutchinson [36]. This systematic review concluded that overweight and obese children
and adolescents have a higher prevalence or risk of ID, and the evidence is consistent.
However, Hutchinson [36] emphasized that the true relationship between body fat mass
and iron absorption is still to be clarified. Low-hemoglobin level was found among over-
weight/obese pregnant women [19].

As already mentioned, pregnancy is observed as a critical window for future child’s devel-
opment and considered as an ideal time frame for interventions that would target specific
health-related outcomes in child, such as obesity, diabetes, etc. [14, 16, 98, 99, 104]. Evidence
supporting this approach accumulates by day. There is no such pretimed intervention, and
as nicely emphasized by Gillman and Ludwig [99] timely intervention during the early, plastic
phases of development may lead to improved lifelong health trajectories.

To sum up on the relation between obesity and ID/IDA, both conditions are more preva-
lent in population groups with low-quality diet. The relation extends beyond low-SES,
consumption of low-cost foods that generally have a low content of essential nutrients
[35, 105, 106], and especially iron [88]. Additionally, for pregnant women characteristics,
such as younger age, lower level of education, with more children, and with higher pre-
pregnancy, body mass index significantly alters diet quality during pregnancy [20, 51, 52].
In other words, this is an infinite loop of ID and IDA [31]. Therefore, targeting pregnant
women affected by any of the above-mentioned characteristics/risk factors could signifi-
cantly improve not only their iron status but also their state of nourishment and the overall
health status. By that, we would alter future generations of children, making it a prerequi-
site for a healthier society.
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Abstract

Anemia is a common condition in women of childbearing age which is associated with
wide spread hyperplastic processes in the uterus (leiomyomas, etc.) and abnormal and/
or abundant uterine bleeding (AUB). Our study has considered the main causes of bleed-
ing and the therapy aimed on limiting the amount of blood loss, as well as preoperative
treatment of iron deficiency in women with uterine leiomyomas, planning for pregnancy.
The combination of anemia with other abnormalities in the woman’s health status is
associated with complications during pregnancy such as premature births, the birth of
small children and failure of the formation of neural tube in iron deficiency and hypoxia.
During the treatment of iron deficiency anemia (IDA) with saline iron, we noted severity
and pain in the stomach in 11.9% of patients, nausea in 13.1%, constipation in 21.4%, and
diarrhea in 7.1% of women. Such complications did not occur while treating with ferric
iron. The use of drugs Iron III hydroxide polymaltozate in women after the end of lacta-
tion resulted in normalization of the blood hemoglobin within 30 days and the number
of erythrocytes and of serum ferritin by the 90th day.

Keywords: anemia, reproductive age, premature birth, uterine leiomyomas, abnormal
uterine bleeding

1. Introduction

Anemia in women of reproductive age is the most common condition during pregnancy
and post pregnancy days. Iron deficiency is associated with serious health problems such as
impaired working capacity, weakness, malaise, headaches, cognitive impairment, decreased
concentration or attention, etc. [1]. The lack of iron in the body can be due to inadequate
intake, impaired absorption, increased needs and excessive losses. Inadequate intake of iron
is often associated with a vegetarian (or vegan) diet, malnutrition or lack of iron in the
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diet. Same food with a predominant fat and sugar content, fast food, various diets used to
maintain low body weight eventually lead to iron deficiency and/or anemia. In India, for
example, about 30% of people are vegan; in Russia, this indicator is more modest—about
3—4%, as in most countries of Europe (Switzerland, Spain, Portugal, Poland, etc.). Impaired
absorption of iron in the gastrointestinal tract (GIT) plays an important role in the develop-
ment of iron deficiency and/or anemia. Diseases of the GIT are found in 20-24% of women
of reproductive age [2]. Increased iron needs arise in children which is associated with their
active growth. In adolescents, this is associated with an increase in the total mass of red
blood cells and muscle mass. In young men, however, iron deficiency is less common than
in girls, although their growth and growth rate are higher. In girls the high incidence of iron
deficiency anemia is associated with the additional factor of blood losing during menstrua-
tion. Chronic blood loss and iron deficiency initiate in puberty if there is a disturbance of the
development of menstrual function and they occur in a quarter of girls and adolescents [3].
Chronic repeated blood loss is the most common cause of iron deficiency anemia. The high-
est rates of iron deficiency are characteristic for women of childbirth age which is associated
with monthly blood loss, pregnancy, parturition and lactation. A study conducted in 1998,
by S. Kagamimori et al. has shown that 78% of Japanese schoolgirls have iron deficiency
anemia (IDA) of varying severity 3 years after the onset of menstruation [4]. Women of
childbearing age are at risk of developing IDA.

Many of them have chronic latent iron deficiency which remains undiagnosed for a long time
as there are no expressed clinical symptoms and the body is well adapted to it. The content
of iron and ferritin in the serum during pregnancy decreases as a result of an increase in the
volume of plasma and an increase in total iron-binding capacity (TIBC), the percentage of
transferrin is also reduced. Increased needs are only partially counter balanced by increased
absorption in the intestine and mobilization of iron stores. If iron stores are partially or com-
pletely depleted at the beginning of pregnancy; which is observed with frequent and/or pro-
fuse menstruation, iron deficiency can be relative or absolute by the time of delivery. Up to
50-60% of women do not have enough iron reserves during pregnancy [5, 6] which is associ-
ated with adverse perinatal outcomes.

The data of Rosstat (2014) indicate that the number of women with abundant menstrual
bleeding increased by 1.5 to 2 times in 10-15 years [26]. Women often do not consult a special-
ist for example, 59% of patients with heavy menstruation consider them normal and 41% are
sure that they are not amenable to treatment [7]. Regular excessive loss of blood (more than
60-80 ml per cycle) disrupts the whole complex of physiological parameters, hemoglobin
levels fall in erythrocytes and iron in plasma [8].

With physiological blood loss these changes are not observed. Adequate nutrition and a
healthy lifestyle allow the body to independently restore the volume of blood and iron stores.

The consequence of monthly excessive menstrual blood loss with insufficient intake of iron is

iron deficiency anemia which is confirmed by the following inferences [9]:

1. Patients with iron deficiency anemia lose a higher amount of menstrual blood in compari-
son with healthy women.
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2. The users of hormonal contraceptives (even in the presence of a menstrual-like reaction), the
iron content in the body is higher than in women who do not take estrogen-progestational
agents and who have spontaneous menstruation.

With the purpose of revealing abundant menstrual flow (which causes IDA) the FIGO experts
advice the gynecologist to ask their patients the following questions [10]:

1. How much bleeding is profuse?
* Do you have to change the pads at night?

* Do the protection pads completely soak in after 2 hours during the days of the most
profuse bleeding?

2. Does menstrual blood loss affect the physical condition?
* Do you observe the release of large clots of blood during menstruation?

¢ Have you ever experienced any weakness or lack of air (symptoms of iron deficiency)
during menstruation?

3. Does menstruation reduce the quality of life?

* Does social life require correction in these days?

* Are you worried about the unpleasant moments associated with bleeding?

2. Results of our studies

The duration of more than 7 days and the volume of blood loss over 80 ml as well as the presence
of related physical, emotional and other problems are the characteristics of profuse menstruation.
Normal menstruation is inherent in the duration of 2-7 days, the amount of blood lost is 50-80 ml
and absence of pain that would disrupt the habitual life or require the intake of medication.

Detection of frequent and/or abundant uterine bleeding for more than 6 months should initiate a
patient’s examination for hemoglobin and other indicators of red blood cells. The greatest need
for iron occurs during pregnancy and lactation. Iron deficiency or IDA leads to many numerical
obstetrical complications primarily associated with metabolic disorders in the placental tissue.

In cases of iron deficiency during the first trimester of pregnancy, development of “defective”
endometrium is observed which is facilitated by the initiation of intensive peroxidation of
lipids in its cells followed by a change in the excitability of cell membranes and a decrease
in the functional activity of the tissue. This leads to an inadequate implantation of the fetal
egg. There is lack of proper rearrangement of the spiral arteries. This process is high energy-
intensive and in IDA the cells lack oxygen sufficient for energy metabolism. Without reorgani-
zation of the uterine arteries, adequate fetal blood supply is impossible and primary placental
insufficiency develops.
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In the 2nd trimester, IDA in pregnant women leads to hypoxic disorders [11]. Circulatory dis-
orders in the placenta and a lack of oxygen cause a failure of the second wave of trophoblast
invasion. Hypoxia provokes the release of stress hormone cortisol which negatively affects
the growth of the fetus. With further progression of pregnancy in iron deficiency, oxygenation
of the blood worsens and total pathological disturbances occur in the tissues which affects
the fetoplacental complex, fetal growth, pregnancy and parturition. A systematic review of
“Maternal anemia and pregnancy outcomes in low- and middle-income countries” according
to the scientific data of world-wide publications in 2016 found that anemia during pregnancy
is associated with significantly higher risks [12]:

* low birth weight (RR =1.3);
* premature birth (RR = 1.6);
* perinatal mortality (RR = 1.5);

¢ neonatal mortality (RR =2.7).

The course of pregnancy in women with IDA inevitably affects the physical and psychomotor
development of her child. Iron deficiency has a significant limiting effect on the brain’s poten-
tial due to the negative impact on morphological structures.

The nervous system will reach its morphological maturity only then the brain will be ready
for full work [13, 14].

All the basic structures of the nervous system are built up in the first trimester [11]. At the
3rd-4th weeks after fertilization a neural plate is formed. During 4-7 weeks neural tube is
developed from which the brain and spinal cord are subsequently formed. By the end of the
8th week from the anterior part of the neural tube are formed five brain vesicles that give rise
to all the parts of the brain such as the cerebral hemispheres, pons and cerebellum, middle
and intermediate brain and medulla. In 5-10 weeks differentiation of some parts of the brain
develops the cortex and subcortical structures.

In the second and third trimesters of pregnancy the structures of fetal nervous system are
more complex. The neuronal precursor cells and the neuroglia begin to differentiate. From
the 20th week nerve centers are formed which ensure the functioning of the main vital organs
and begin the myelination processes. Disturbances of neurogenesis due to iron deficiency
significantly limit the potential of the brain in the future.

In the third trimester cells differentiate into neurons and glial cells (astrocytes, oligodendro-
cytes, ependymocytes) grow axons and dendrites of neurons, synaptic contacts are formed
and neural processes intensively myelinate. Obviously there should not be any iron defi-
ciency for the prevention of defective morphological and functional development of the
brain [11]. The slowdown of energy metabolism in the brain in iron deficiency occurs for
two reasons; the activity of iron-requiring enzymes decreases and the amount of oxygen
supplied to the cells decreases the expenditure during the intensive development processes
increases by a factor of 2.
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The results of numerous studies indicate the following facts:

1. Mental and psychological development is particularly affected by iron deficiency during
intrauterine growth and/or in the early years of postnatal life.

2. The consequences of iron deficiency are expressed in adulthood, preventing the full reali-
zation of the inherent genetic potential [14-18].

Children who lacked iron in utero or infancy compared with peers who did not lack iron in
the subsequent years of life especially during the age 19-28:

¢ lag behind in mental development;

e suffer from mental disorders;

¢ have delayed neuromotor development, difficult temperament (mettle);
¢ are depressed and apathetic, more anxious;

e suffer from attention deficit disorder combined with hyperactivity.

Analyzing the long-term studies (2012-2017) regarding the course of pregnancy in 321 women
aged 1945 years (continuous random sample) conducted at the Department of obstetrics and
gynecology with the perinatology course of the Peoples Friendship University of Russia (Head of
the Department, RAS Corresponding Member V.E. Radzinskiy) (Table 1) we found that there was
no difference in the incidence of iron deficiency anemia among different age groups of women.

We also studied the frequency of iron deficiency anemia in women with preterm labor (PL). The
subject of the study were 132 pregnant women who entered the maternity hospitals in Moscow
to acquire medical assistance. Patients were divided into three groups: Group I - women with
preterm labor at term of gestation from 22 to 27 weeks + 6 days (n = 34); Group II - patients who
gave birth prematurely at the gestation period of 28-37 weeks + 6 days (n =56) and Group III -
women with term labor which constituted the control group (n = 42).

The greatest number of complications in all trimesters of pregnancy was observed in patients
with PL including iron deficiency anemia (Figure 1). In the first trimester IDA was detected
in 6 (17.6%) women with early PL and in 6 (10.7%) with PL at a period of 28-36/7 weeks in
women who gave birth in time this complication was not observed. In the second trimester
mild-to-moderate IDA was diagnosed in 9 (26.5%) of women who gave birth at the gestation
age of 22-27/6 weeks, 15 (26.8%) gave birth within 28-36/7 weeks and 3 (7.1%) of women in
the control group (p <0.05). In the third trimester mild anemia was observed in group Il in 15

Age of women (years) 19-24 25-29 30-34 35-39 40-45
Number of women (n) 65 67 64 63 62
Frequency of IDA n (%) 14 (21.5%) 15 (22.4%) 14 (21.9%) 14 (22.2%) 14 (22.6%)

p > 0.05 - the reliability of the differences is not revealed.

Table 1. Frequency of iron deficiency (IDA) anemia in pregnant women.
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Figure 1. Frequency of iron deficiency anemia in the observed groups. *Reliability of differences was revealed when
comparing women with premature and term labor (p <0.05).

(26.8%) women and in 4 (9.5%) between those who gave birth in time. Anemia or iron defi-
ciency is one of the factors of unfavorable perinatal outcomes.

After giving birth the frequency of IDA increased most significantly in women with PL and in
women with early PR it was found in 11 (32.4%) of them in patients with preterm labor at a term
of 28-36/7 with a frequency of 18 (32.1%). Anemia was found less often in women with term
delivery - 5 (14.3%). One third of the women who had premature delivery suffered from IDA
and this is not only because anemia developed during pregnancy but also because in women
with PL significantly more often the delivery was an operative route (cesarean section). In the
group with early PL in 5 (14.7%) in the group with PL in the period of 28-36/7 in 17 (30.3%) and
the smallest number 3 (7.1%) of CS was performed in women with term delivery.

The results of the study confirmed the opinion of Professor Serov V.N. (2009) that premature
birth is the delivery of a sick child from a sick woman. Anemia was more often diagnosed in
women with premature labor.

All women with anemia with both preterm and term (n=34) delivery were examined by the end
of lactation (the average duration was 1.8 + 0.4 years). In the postpartum period they received
both bivalent and ferric iron. The number of erythrocytes, hemoglobin level and serum fer-
ritin were measured. In 14 women there were no clinical and laboratory signs of anemia and
iron suppression was based on the results of normalization of serum ferritin. Twenty patients
were stopped taking iron supplements in the postpartum period on the basis of normalization
of hemoglobin and revealed iron deficiency anemia of mild degree after lactation (Table 2).
When determining the level of hemoglobin in the blood (Hb) it was found that the average
level varied from 92 to 109 g/1 (101.2 + 1.3 g/l). Women were examined by a gastroenterologist
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and physician and treatment was prescribed by a physician. In the observed group there were
no patients with blood diseases, inflammatory diseases and autoimmune diseases. Ten (50%)
women were diagnosed with diseases of the gastrointestinal tract which was a risk factor for
iron absorption and 3 (15%) patients were diagnosed with excessive menstrual bleeding (hor-
mone therapy was prescribed). After 30 days the number of erythrocytes and hemoglobin
reached to normal level. Serum ferritin reached normal values by day 90 (Table 2).

In the reproductive age anemia is the most common extragenital condition leading to health
problems, adverse perinatal outcomes and often associated with organic diseases of the
uterus. The International Federation of Gynecology and Obstetrics (FIGO) classification [19]
identified the structural and non-structural causes of abnormal uterine bleeding. The results
of the work of world-class experts [20] stated that in Russia about 50% of uterine bleeding is
due to organic diseases of the uterus. In comparison, in the USA, Canada, Brazil, Korea and
China this reason was found in 34-44% of women. Identification and recovery of women with
uterine leiomyoma in the pre pregnancy period as in 20-50% of women leiomyoma is the
cause of severe, irregular and prolonged uterine bleeding, iron deficiency anemia is a reserve
for reducing complications of pregnancy and adverse perinatal outcomes.

A prospective study conducted from 2010 to 2015 included 292 women with uterine leio-
myoma in female residents of the Krasnodar Territory. Inclusion criteria to the study were:
reproductive age, uterine fibroids, pregnancy planning. Exclusion criteria: extragenital dis-
eases leading to anemia; lack of reproductive plans; pregnancy.

The average age of women was 31.2 + 1.5 years. Clinical characteristics and anamnesis (the
medical history of a patient) of women are presented in Table 3. The inhabitants of the city
were more than 160 (54.8%) compared to the residents of the village 132 (45.2%). More often
women with fibroids had secondary specialized education - 161 (55.1%). Equally women
were registered - 144 (49.3%) and unregistered - 135 (46.2%) marriages. 13 (4.5%) patients
were unmarried but they planned a pregnancy.

The study of the reproductive anamnesis (Table 2) revealed that 179 (61.3%) of women had a
history of delivery, i.e. they planned a second or third child. Practically all women 275 (94.2%)
had an anamnesis for an official abortion. At the time of the examination none of the partici-
pants used any reliable means of contraception (COCs, IUDs). 183 (62.7%) of women reported
using interrupted sexual intercourse and condoms the remaining 109 (37.3%) planned a preg-
nancy so they did not use contraception.

Indicators Initial indicators ~ In 30 days In 60 days In 90 days
Number of erythrocyte x10'%/1 32+0.3 39+0.1 41+0.2 42+0.3
Hemoglobin content (g/1) 101.2+1.3 109.7 +1.1° 113512 114+0.9°
Serum ferritin (fl) 232+1.1 273+1.3 39.7+1.2 52.1+0.2

'p <0.05 in comparison with initial indicators.

Table 2. Indicators of “red” blood smear in women with mild anemia (n = 20) treated with Iron III hydroxide
polymaltozate.
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Parameter Amount of women (n =292)

Absolute number Relative number, %

Social status

Inhabitants of the city 160 54.8
Inhabitants of the village 132 45.2
Education 125 428
Secondary specialized education 161 55.1
Registered marriage 144 49.3
Unregistered marriage 135 46.2
Unmarried 13 4.5

Table 3. Clinical characteristics and anamnesis of women.

The duration of uterine leiomyomas was 4.3 + 0.2 (2-10 years). The main complaints of women
planning pregnancy were bleeding in 201 (68.8%), pain syndrome in 161 (55.1%), disturbance
of the function of neighboring organs in 135 (46.2%) and asthenic syndrome in 192 (45.5%).

The number of uterine fibroids per woman varied from 2 to 12 on average 5.4 + 0.3 and the
number differed depending on the localization of the node. Multiple uterine fibroids were
found in 266 (91%) women. Subserous localization of leiomyomas was detected in 181 (62%)
women, subserous-interstitial and interstitial - in 260 (89%) women. Submucous site localiza-
tion was determined in 32 (11%) patients. The diameter of the largest fibroid node did not
exceed 110 mm an average of 49.8 + 18.4 mm (15-110 mm).

The average level of hemoglobin in the blood (Hb) varied from 82 to 145 g/l (116.2 + 2.3 g/l).
The lowest level of Hb was observed in women with a predominance of submucous localiza-
tion of the nodes - 90.8 + 1.6 g/l (82-99 g/l). Anemia was diagnosed in 158 (54.1%) women.
Anemia of mild degree was detected in 79 (27.1%) women. Hemoglobin level in these women
was in the range of 109-94 g/I (100.1 + 0.7 g/l). Anemia of moderate severity was detected in
79 (27.1%) women, the hemoglobin level varied from 91 to 72 g/l (84.4 + 1.1 g/I). All women
experienced profuse menstrual and intermenstrual bleeding.

In 134 (45.9%) women anemia was not detected and the hemoglobin level was determined in
the range of 120-145 g/l and averaged 127.5 + 1.2 g/1. Outpatients with anemia were adminis-
trated with divalent (84 - 28.8% women) and ferric iron (50 - 17.1% women). The comparative
characteristics of the drugs revealed the following: in the treatment of IDA saline iron causes
severity and pain in the stomach in 10 (11.9%), nausea in 11 (13.1%), constipation in 18 (21.4%)
and diarrhea in 6 (7.1%) of women.

The average period of preparation for surgery after the administration of iron supplementa-
tion was 82.3 £ 0.1 days. In all women with mild anemia (79 - 27.1%) regardless of whether
they received two or three-valent iron, normal level of red blood cell values were found.
Normalization of the indices was achieved in 8 (2.7%) women with concomitant anemia of
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medium degree. In 71 (24.3%) compensation indices were impossible due to excessive amount
of bleeding. They had to undergo surgery with uncompensated indicators of red blood cells.

3. Discussion of the results

Uterine fibroids and polyps are an indication for surgical treatment and hysteroscopy.
However, most abnormal and/or excessive amount of bleeding from the uterus requires med-
ical therapy. The classification of FIGO [19] allows not only to determine the cause of abnor-
mal and/or excessive amount of bleeding from the uterus but also to prescribe a therapy that
helps to reduce blood loss:

1. Chronic abnormal uterine bleeding (AUB) is abnormal in terms of volume, regularity, and/
or frequency of uterine bleeding during most cycles in the last 6 months. As a rule, this
condition does not require immediate medical intervention.

2. Acute AUB is an episode of profuse bleeding in which the specialist has sufficient reason
for urgent intervention in order to prevent further blood loss. It can occur against a back-
ground of chronic AUB or for the first time in life.

3. Intermenstrual AUB occurs between predictable periods of cyclic menstruation. FIGO
experts recommend replacing the term intermenstrual abnormal uterine bleeding on the
concept of metrorrhagia.

Classification of causes of AUB called PALM-COEIN relates the causes of uterine bleeding in
women of reproductive age to one of the nine categories (Table 4). The first four, grouped in
the PALM group can be identified visually (structural). The rest are not related to structural
anomalies and objectification is not amenable (non-structural).

Diagnostic measures for abnormal uterine bleeding include not only establishing the cause of
bleeding and examination but also for the presence of anemia (hemoglobin level, hematocrit,
general blood test).

Treatment of IDA in abnormal uterine bleeding cannot include only iron drugs as repeated
blood loss will not lead to normalization of blood parameters. In cases of structural changes
(polyps, fibroids) surgery is required. Non-steroid anti-inflammatory drugs (NSAIDs) have a
high efficiency (blood loss on the background of NSAID intake decreases by an average of 58%),

PALM (structural) COEIN (non-structural)
Polyp Coagulopathy
Adenomyosis Ovulatory dysfunction
Leiomyoma Endometrial
Malignancy and hyperplasia Iatrogenic

Not yet classified

Table 4. Classification of causes of abnormal uterine bleeding (FIGO, 2011).
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but it is not safe for the patient especially with prolonged use [8, 21]. The ability of NSAIDs to
compensate uterine bleeding is due to inhibition of cyclooxygenase enzyme activity that leads
to a decrease in the synthesis of prostacyclin that inhibits platelet aggregation. Tranexamic acid
(synthetic lysine derivative) is an effective and a fairly safe drug which reduces blood loss by an
average of 58%. The positive effect of tranexamic acid on the quality of life and sexual relations
is reported [22, 23]. Contraindication to the administration of tranexamic acid is the presence
of an episode of thrombosis. The mechanism of action of tranexamic acid is associated with
reversible blocking of plasminogen and prevention of degradation of fibrin. Levonorgestrel-
releasing intrauterine system (IUD-LNG) reduces menstrual blood loss by 74-97% [24]. During
the first month with the use of IUD-LNG the duration of bleeding may increase. In adolescence
IUD-LNG are not used since their mechanism of action is associated with endometrial atrophy.

Combined oral contraceptives (COCs) have a wide spread in reducing blood loss from the
uterus. The effectiveness of COC is 43 - 88% [12]. Bleeding when using COC usually stops
within 24 hours (the so-called hormonal hemostasis). The effect of COC is associated with the
suppression of endometrial proliferation and the indirect reduction in the amount of blood loss.

The use of cyclic gestagens in the luteal phase are ineffective for the treatment of profuse men-
struation, however they regulate the menstrual cycle [8]. Admission of medroxyprogesterone
acetate (10 mg/day) or norethisterone acetate (2.5-5 mg/day) in a cyclic mode from the 16th to
the 25th day provides a predictable bleeding profile.

Gonadotropin-releasing hormone agonists (GnRH agonists) are ineffective in the treatment of
profuse menstruation. They are used only for certain indications as second line therapy [8].
These drugs completely block the function of the hypothalamic-pituitary-ovarian axis and
cause amenorrhea in 89% of patients which is accompanied by severe side effects such as vagi-
nal dryness, hot flashes, sweating, and with prolonged use (6 months or more) - osteopenia.
The mechanism of action of GnRH agonists is associated with a decrease in the number of
gonadotropin receptors in the pituitary gland with suppression of gonadotropin release and
subsequent decrease in the level of estradiol to the state of hypogonadism.

For having a pregnancy with adequate iron reserves in the body it is extremely important that
menstruating women of childbirth age do not experience a deficit in it. For the prevention of
iron deficiency in this population in 2016 WHO (World Health Organization) updated the
recommendations according to which iron drugs at a dosage of 60 mg/day should be taken
to all menstruating women and adolescent girls for 3 months in the year and 3 months before
conception. WHO experts recommend to use such preventive measures at the national level
in countries where the incidence of anemia reaches 40%.

The optimal choice for women with iron deficiency (latent or already formed anemia), are
oral drugs.

1. Bivalent iron drugs are ferrous sulfate, as well as fumarate, gluconate and glyceryl sulfate
of iron.

2. Trivalent iron drugs are polymaltose complex of iron hydroxide, iron succinylate protein.

Preparations of two- and trivalent iron are comparatively effective but they have differences
in tolerability and compliance.
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In order to overcome the negative effects of salt iron and improve the tolerance an iron drug
based on hydroxide of the polymaltose complex (HPC) was created which has advantages
over iron salt drugs with high efficiency, safety, no risk of overdose, intoxication and poison-
ings and less dyspeptic complications. This allows us to recommend iron preparations based
on the hydroxide of the polymaltose complex to women with IDA in their reproductive age
[25]. Discontinuation of the treatment with iron drugs is indicated after the normalization of
serum ferritin and replenishment of the iron storage.

4. Conclusion

Anemia in women of reproductive age is the most frequent extragenital disease. It impairs
the quality of women life and in pregnancy, leads to complications of gestation (miscarriage,
placental insufficiency, etc.) and adversely affects the growth and development of the fetus.
Iron deficiency before conception will disrupt the formation of the nervous tissue (the brain),
which is manifested by a decrease in intelligence, disturbances of psychomotor development
and other abnormalities in the future. Often the cause of IDA or iron deficiency in women
are the organic diseases of the uterus (polyps, fibroids) and functional disorders - abnormal
and/or profuse uterine bleeding. Chronic iron deficiency as a rule remains undiagnosed for
a long time as there are no expressed clinical symptoms and the body is well adapted to it.
Therefore, role of the gynecologist in diagnosing anemia as well as revealing and treatment of
gynecological diseases that led to IDA is important. All the iron drugs have the same efficacy
but the fewest side effects (in gastrointestinal tract) have been in trivalent drugs which allows
them to be recommended for the treatment of anemia in the reproductive age.
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Abstract

In this chapter, we report and discuss the current literature of nutrient-deficiency anemia,
also called nutritional anemia, in elderly patients in developed countries. For this purpose,
a review of medical literatures was conducted searching PubMed, textbooks of hematol-
ogy, internal medicine and geriatrics, and information collected from international meetings
were also included. The term nutrient deficiency or nutritional anemia covers any anemia,
defined by a hemoglobin level <13 g/dL (<130 g/L) in men and <12 g/dL (<120 g/L) in women,
resulting from a deficiency of materials essential for erythropoiesis. Patients with nutritional
anemia often have mild to moderate anemia, with hemoglobin levels between 8 and 10 g/dL
(80 and 100 g/L). In practice, nutritional anemia represents one-third of all anemia in elderly
patients. About two-third of nutritional anemia is associated with iron deficiency and most
of those cases are the result of chronic blood loss from gastrointestinal lesions. The remain-
ing cases of nutritional anemia are usually associated with vitamin B12 (cobalamin), most
frequently related to food-cobalamin malabsorption (especially in case of atrophic gastritis),
and Biermer’s disease (pernicious anemia); and/or vitamin B9 (folate) deficiency, most fre-
quently related to inadequate dietary intake or malnutrition, several drugs (as methotrexate,
cotrimoxazole) and chronic alcohol intake. In clinical practice, recognition of these disorders
and deficiencies is essential for optimal treatment (nutrient-deficiency replacement).

Keywords: nutritional anemia, nutrient-deficiency anemia, iron deficiency, vitamin B12
deficiency, cobalamin deficiency, vitamin B9 deficiency, folate deficiency, food

1. Introduction

Anemia is a common condition, especially in elderly patients (=75 years) and its prevalence
increases with age [1]. Anemia affects quality of life in all elderly patients. It also affects cogni-
tive and physical function, especially in frailty patients, and be a factor of aggravation or poor
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prognosis of chronic diseases, e.g., chronic heart failure (CHF), chronic obstructive pulmonary
disease (COPD), chronic renal failure, cerebrovascular disorders [2, 3]. Anemia is even associ-
ated with a risk of death. Thus, it should not be accepted as an unavoidable condition or a
consequence of aging.

In the elderly, many underlying conditions can lead to anemia such as chronic diseases, renal
failure, myelodysplastic syndromes, cancer, and unexplained anemia. However, the most
common nutrient deficiencies are iron, vitamin B9 (folic acid), and vitamin B12 (cobalamin)
deficiency [4]. In clinical practice, recognition of these disorders and deficiencies is essential
for optimal treatment.

In this chapter, we report and discuss the current literatures of nutrient-deficiency anemia,
also called nutritional anemia, in elderly patients in developed countries.

2. Bibliographic search strategy

A review of the medical literatures was conducted to identify original studies and review
articles concerning nutrient-deficiency anemia in elderly patients. In March 2017, PubMed
was searched for English- and French-language articles. The terms used for online bib-
liographic search included “nutrient-deficiency anemia,” “nutritional anemia,” “iron
deficiency,” “vitamin B9 deficiency,” “folate deficiency,” “vitamin B12 deficiency” or
“cobalamin deficiency,” and “elderly patients.” A total of more than 500 abstracts related
to clinical trial and reviews were identified between the years 2007 and 2017. All of the
abstracts were reviewed by at least two senior researchers. Only 245 publications were
eventually retained and 39 publications were used for this review. These publications
have been selected because of the quality or the originality of the text, the excellence of the
adopted methodology, and the reputation of the authors.

e

v

Textbooks of hematology, internal medicine and geriatrics, and information collected from
international meetings were also included.

3. Definition of nutritional anemia

The World Health Organization (WHO) defines anemia in the adult as hemoglobin (Hb) con-
centration < 12 g/dL (<120 g/L) for nonpregnant women and <13 g/dL (<130 g/L) for men [2].
In elderly, an Hb concentration < 12 g/dL (<120 g/L) is commonly considered as an “estab-
lished” anemia (under strict sense of the academic definition), regardless of the sex of the
patient [5].

Although low hemoglobin levels (approximately 1 g/dL lower than the WHO standard) are
often seen with advancing age, anemia (called “unexplained” anemia) should not be assumed
to be a normal consequence of aging. Several age-related physiological changes such as renal
insufficiency, stem cell aging, androgen insufficiency, and chronic inflammation may con-
tribute either to a decline in red blood cell production or shortened red blood cell survival.
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Age may be associated with compromised hematopoietic reserve and consequently with
an increased susceptibility to anemia in the presence of hematopoietic stress induced by an
underlying disorder [6].

In clinical practice, an Hb level <10 g/dL is often considered to be a cut off level where
investigation in the elderly (“anemia to explore”), and treatment should be performed [7].
Indeed, at this Hb level, several recent studies have shown a benefit from investigating the
anemia and for treating, in regard to the frequency of discovery of a curable etiology [7].

Nutrient-deficiency or nutritional anemia refers to types of anemia that can be directly attributed
to “nutritional disorders” [4, 8]. Thus, the term nutrient deficiency or nutritional anemia covers
any anemia resulting from a deficiency of nutrients essential for red blood cell formation, for
example: iron; vitamins, especially vitamin B9 (folate), but also vitamin B12 (cobalamin) and
vitamin C (in scurvy), and more rarely, vitamin A, vitamin E, and vitamin B2 (riboflavin), vita-
min B3 (in pellagra), vitamin B6 (pyridoxine); selenium, zinc, and cooper; and protein [8].

4, Prevalence of nutritional anemia

The prevalence of anemia increases with advancing age, especially after age 60-65 years, and
rises sharply after the age of 80 years [2, 6]. Currently, anemia in this population represents a
public health problem in developed countries.

In the United States (US), results from the third National Health and Nutrition Examination
Survey (NHANES III) indicate that the prevalence of anemia among elderly individuals, living
in towns, aged 75 or more and 85 or more, were 15.7% in men and 10.3% in women and 26.1%
for men and 20.1% in women, respectively [1]. Survey findings indicate further that most ane-
mia among the middle age and elderly is mild; only 2.8% of women and 1.6% of men had an
Hb <11 g/dL [9]. Results from the NHANES III also indicate that nutrient-deficiency anemia
represents at least one-third of all causes of anemia [1].

In the US, results from the Framingham cohort indicate a lower prevalence of anemia among
1016 subjects within 67-96 years of age. In this group, the prevalence of anemia in men and
women was 6.1 and 10.5%, respectively [10]. In this study, in addition to anemia of inflammation
and of renal failure, nutritional anemia was also a major cause of anemia.

In a French nationwide study of 1351 patients hospitalized in several departments of Internal
Medicine, anemia was present in 874 (65%) patients according to the WHO definition, and 573
(42%) patients had an Hb level of <11 g/dL (<11 g/L) [11].

5. Etiology of anemia with a focus on nutritional anemia

Because elderly patients often have several associated co-morbid conditions and are commonly
taking a variety of medications, some of which may contribute to anemia, the precise etiology
of anemia is frequently difficult to determine, even after extensive investigations, including
bone marrow biopsy [3, 13]. Thus, according to the literatures and in our own experience, the
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etiology of anemia can be identified in only approximately 80% of the cases, in spite of the use
of new tools such as video capsule [7, 14]. Moreover, a significant proportion of elderly anemic
patients, around 30-50%, are presumed to have multiple causes for their anemia [14, 15]. In
cases where the causes of anemia have not been established, an inadequate diagnostic work-
up for the patient could be suspected.

In the elderly, causes of anemia are divided into three main broad groups: (1) “nutrient-
deficiency or nutritional anemia,” mainly in relation with iron deficiency anemia; (2)
“anemia of chronic disease,” including anemia related to renal failure, chronic inflamma-
tion, chronic heart failure; and (3) “unexplained anemia” [2, 3, 9]. In the aforementioned
NHANES 1II study, 34% of all anemia in adults and elderly patients were caused by iron,
vitamin B9 (folate), and vitamin B12 (cobalamin) deficiency, alone or in combination (nutri-
ent-deficiency anemia) [1]. In this study, 12% of all anemia were related, perhaps at least
associated, with renal insufficiency, 20% with chronic diseases, and in 34% of the cases, the
cause of anemia remained unexplained.

About 60% of nutritional anemia is associated with iron deficiency and most of those cases
are the result of chronic blood loss from gastrointestinal lesions in developed countries [1].
The remaining cases of nutrient-deficiency anemia are usually associated with vitamin B12
and/or vitamin B9 deficiency and are easily treated. In Table 1, we report our personal expe-
rience (retrospective study) of the etiology of anemia in 300 hospitalized patients of 265 years
old [4, 7].

Rare unknown causes of nutrient-deficiency anemia include several other vitamin deficiencies
(e.g., vitamins A, B2, B3, C, and E), selenium, zinc, or cooper [8]. These later etiologies are nev-
ertheless not well-studied in the literature, and to date, few not well-documented data are avail-
able, except for the theoretical and pathological aspects of anemia.

Etiology Prevalence (%)
Chronic inflammation (chronic disease) 23.0

Iron deficiency 18

Renal failure 9

Liver disease and endocrine disease (chronic disease) 7
Posthemorrhagic 7

Folate deficiency 6
Myelodysplasia 5

Vitamin B12 deficiency 4

Unexplained causes 21

Table 1. Etiology of anemia in patients older than 65 years (n = 300), hospitalized in an internal medicine department
(tertiary reference center) [7].
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6. Iron deficiency anemia in the elderly

Iron deficiency anemia, the most common cause of anemia in the elderly [1], results usu-
ally from chronic gastrointestinal (GI) blood loss mainly caused by esophagitis, gastritis,
ulcer, related or not related to nonsteroidal anti-inflammatory drug intake, and/or chronic
Helicobacter pylori infections, varices (portal hypertension), premalignant polyps, colorectal
cancer, or angiodysplasia [15, 16].

It is important to keep in mind that GI blood loss is often occult and is not ruled out by
negative fecal blood tests. In elderly, GI tract abnormalities can be identified with appropri-
ate investigations (mainly invasive and require general anesthesia) in the majority of patients
with iron deficiency anemia [14]. In 40-60% of patients, the source is in the upper GI tract
and the identified cause of GI blood loss is benign [18, 19]. In 15-30% of patients, the source
of GI blood loss is in the colon, here also with mainly benign lesions. Table 2 presents our
experience of the evaluation of the GI tract in 90 patients with chronic blood loss during their
follow-up in an internal medicine department (in a referral center) [7].

The source of bleeding is not found in the remaining 10-40% of patients with GI blood loss.
Fortunately, these patients do well with iron replacement and repeated investigation may be
only proposed in “to good health” elderly patients [15]. In these patients, repeated GI inves-
tigation with upper and/or lower endoscopy and video capsule may be of interest, with the
detection of the etiology of bleeding in an additional 20% of cases [19, 20]. It is important
because one-third of the iron deficiency anemia is related to GI malignancies. In our experi-
ence, repeated investigation is not recommended in frailty elderly patients [21].

Etiology Prevalence (%)
Esophagitis and Mallory Weiss syndrome 4.4
Gastritis, atrophic gastritis and ulcer related or not related to NSAID use and/or 30
Helicobacter pylori infection

Varices related to portal hypertension 9
Angiodysplasia 2.25
Colon diverticula 45
Colorectal benign and pre-malignant polyps 5.5
Colorectal cancer 5.5
Inflammatory bowel disease 2.25
Unexplained causes 36.6

NSAID: nonsteroidal anti-inflammatory drug.

Table 2. Results of the evaluation of the gastrointestinal tract in elderly patients (65 years) with chronic blood loss
(n=90), hospitalized in an internal medicine department [14].
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H. pylori infection, chronic gastritis (especially atrophic gastritis), and coeliac disease are asso-
ciated with “unexplained GI iron deficiency anemia” [22]. More rarely, large amount of tea (at
least 2 L/day), vegetarian and theoretically long-term anti-acid medication intake are also asso-
ciated with this condition [15]. In practice, any elderly subject whose dietary intake is poor
and has recent unexplained weight loss is a candidate for increased medical surveillance [23].

Chronic blood loss from the genitourinary tract and exceptionally from chronic hemoptysis
may result in iron deficiency [15]. In this situation, bleeding disorders and particularly antico-
agulant and antiplatelet medications may promote the development of iron deficiency in the
elderly (around 20% in our experience) [7, 14].

7. Vitamin B9 and vitamin B12 deficiency anemia in the elderly

Both vitamin B9 and B12 deficiencies are common among elderly, each occurring in at least
5% of the patients [15]. The Framingham study demonstrated an incidence of 12% among
elderly people living in the community [24].

Vitamin B9 deficiency usually develops as a result of inadequate dietary intake and malnutri-
tion, quiet frequent in elderly patients of malabsorption, as in coeliac disease [1, 15]. In fact,
a regular diet contains 500-700 pg of vitamin B9 and the body contains very little vitamin B9
with stocks expected to last 4-6 months. The affected patients usually have a history of weight
loss, poor weight gain, and weakness. This is particularly the case in Alzheimer’s patient or in
patients with advanced dementia. In addition, several drugs (methotrexate, cotrimoxazole, sul-
fasalazine, anticonvulsants) and alcohol —even in elderly —may cause deficiency of folic acid [7].

In elderly patients, the etiologies of vitamin B12 deficiency are represented primarily by food-
cobalamin malabsorption (FCM) and Biermer’s disease, also called pernicious anemia. The
FCM is not a real malabsorption in view of physiopathology, but a maldigestion of vitamin
B12 (linked to food). More rarely, the etiologies of vitamin B12 deficiency include intake defi-
ciency and true malabsorption, related for example, to digestive tract surgery [25]. In a study
by our group (n =200), FCM accounted for about 60-70% of the etiologies of vitamin B12 defi-
ciency and about 15-25% in Biermer’s disease [26, 27]. Figure 1 presents the principal causes
of vitamin B12 deficiency in 172 elderly patients (median age: 70 years) hospitalized in the
University Hospital of Strasbourg, France [26].

FCM is characterized by the inability to release cobalamin from food and/or intestinal trans-
port proteins, particularly in case of hypochlorhydria, where the absorption of “unbound”
cobalamin is normal (“mal digestion” of the food-cobalamin) [28]. As we have recently indi-
cated, this syndrome is defined by cobalamin deficiency despite sufficient cobalamin intake
from food and a normal Schilling test, where the later rules out malabsorption or pernicious
anemia [29]. FCM is caused primarily by atrophic gastritis [28]. Other factors that commonly
contribute to FCM in elderly people include chronic carriage and infection of H. pylori; intesti-
nal microbial proliferation; long-term ingestion of antacids (e.g., proton-pump inhibitors), and
biguanides (metformin); chronic alcoholism; surgery or gastric reconstruction (e.g., bypass
surgery for obesity); partial and pancreatic exocrine failure [29]. It should be emphasized that
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Figure 1. Etiologies of cobalamin deficiency in 172 elderly patients hospitalized in the University Hospital of Strasbourg,
France [25, 29].

Carmel first believed that FCM was associated with moderate cobalamin deficiency, leading
to only “subtle” clinical symptoms (“subtle cobalamin deficiency”) [30]. However in our experi-
ence, the clinical manifestations of FCM are not very different from those of cobalamin defi-
ciencies associated with other causes, e.g., Biermer’s disease [29].

Biermer’s disease is caused by impaired absorption of vitamin B12 due to the neutralization
of intrinsic factor action in the setting of immune atrophic gastritis (loss of intrinsic factor in
genetic form) [4, 25]. In practice, the diagnosis of Biermer’s disease is based on the presence
of: (i) intrinsic factor antibodies in serum (specificity: >98%, sensibility: around 50%) and/or
(if) autoimmune atrophic gastritis (the presence of H. pylori infection in gastric biopsies is an
exclusion factor) [4, 25]. It is to note that Biermer’s disease is associated with other immuno-
logical diseases, even in the elderly, such as Sjogren’s syndrome, Hashimoto’s disease, type 1
diabetes mellitus, or coeliac disease.

8. Clinical presentation of nutritional anemia

In elderly patients, the onset of anemic symptoms (fatigue, asthenia) and signs (pallor, palpi-
tations) is usually insidious because majority of these patients adjust their physical activities,
stay at home, and take several drugs which mask the anemic symptomatology. Thus, these
symptoms may be overlooked and undiagnosed. [15]. In elderly, anemia may be revealed by
the exacerbation of chronic-associated conditions or disorders, as dyspnea or edema of the
legs related to worsening of cardiac failure. Anemia has also been reported to worsen angina,
cognitive dysfunction related to cerebrovascular insufficiency [6].

In elderly patients, anemia has been associated with an increased risk for mortality, a longer
hospitalization for elective procedures and a decreased quality of life [6, 31].

Iron, vitamin BY, and vitamin B12 deficiencies may be associated with specific symptoms
and clinical manifestations. Table 3 presents features related to vitamin B12 deficiency
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Neuropsychiatric manifestations

Digestive manifestations

Other manifestations

Frequent: polyneurites (especially
sensitive ones), ataxia, Babinski’s
phenomenon

Classic: combined sclerosis of the

Classic: Hunter's glos-
sitis, jaundice, LDH
and bilirubin elevation
(“intramedullary

Under study: atrophy of the vaginal
mucosa and chronic vaginal and uri-
nary infections (especially mycosis),
venous thromboembolic disease,

destruction”) angina (hyperhomocysteinemia)

spinal cord
Deba Table: abdomi-
nal pain, dyspepsia,
nausea, vomiting, diar-
rhea, disturbances in
intestinal functioning

* Rare: cerebellar syndromes affecting
the cranial nerves including optic
neuritis, optic atrophy, urinary and/or
fecal incontinence

Under study: changes in the higher func-
tions, even dementia, stroke and ath-
erosclerosis  (hyperhomocysteinemia),
parkinsonian syndromes, depression,
multiple sclerosis

Rare: resistant and
recurring mucocutane-
ous ulcers cobalamin
deficiency

Table 3. Manifestations related to vitamin B12 deficiency (in addition to hematological manifestations) [25].

in elderly patients [25]. The features of vitamin B9 deficiency are nearly indistinguish-
able from those of vitamin B12 deficiency, although the symptomatology is generally
less severe. Iron deficiency is responsible for changes in hair (hair loss), nails (koilony-
chias), glossitis, dermatitis herpetiformis, photodermatitis, restless legs syndrome, and/or
Plummer’s syndrome [32].

9. Biological abnormalities related to nutritional anemia

Patients with nutritional anemia often have mild to moderate anemia, with Hb levels
between 8 and 10 g/dL. This anemia is generally hyporegenerative, with a low reticulocyte
count (<50 x 10°/L). This represents the consequence of the reduced activity of the hemato-
poietic system to replace the peripheral blood loss or deficiency [12, 15].

In elderly, the anemia is frequently “normocytic,” with a mean erythrocyte cell volume (MECV)
between 80 and 100 fL. This normocytic nature of the anemia is related to the multifactorial eti-
ologies of anemia. In exclusive iron deficiency, the erythrocytes are usually “microcytic,” with a
MECV <80 fL (main differential diagnoses: chronic inflammation, thalassemia). In exclusive vita-
min B9 and/or vitamin B12 deficiency, the erythrocytes are usually “macrocytic,” with a MECV
>120 fL (main differential diagnosis: alcohol, hypothyroidism, and myelodysplastic syndromes).
Other hematological abnormalities and manifestations may also be associated with cobalamin
deficiency as listed in Table 4 [33].

Iron deficiency is documented by a low serum iron level, an increased total iron-binding capacity,
and a low serum ferritin level (<15 ng/mL) [17]. In cases associated with chronic inflammation,
the transferrin receptor-ferritin index appears to be the most appropriate parameter to discrimi-
nate between the two disorders [17].
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Parameters Values
Hemoglobin level (g/dL) 10.3+0.4 (4.9-15.1)
Mean erythrocyte cell volume (fL) 98.9 +25.6 (76-142)
Reticulocyte count (%) 15.2 (1-32)

White cell count (/mm?) 6200 + 4100 (500-20,000)
Platelet count (10*/mm?) 146 + 42 (27-580)
Anemia with Hb level <12 g/dL 37%

Anemia with Hb level <6 g/dL 2.5%

Anemia and macrocytosis (MECV >100 fL) 33.8%

Isolated macrocytosis (MECV >100 fL) 17%

Microcytosis (MECV <80 fL) 5%

White cell count <4000/mm? 14%

Neutrophil count <1000/mm? 3%

Thrombopenia (<150 x 10%/mm?) 10%

Neutrophil hypersegmentation 32%
Megaloblastosis 60%

Life threatening manifestations 9%

MECV: mean erythrocyte cell volume.

Table 4. Hematological manifestations in patients with documented cobalamin deficiency (n = 201), hospitalized in an
internal medicine department (tertiary reference center) [33].

Vitamin B12 deficiency is usually documented by a low serum vitamin B12 level (<200 pg/
mL). An increase of the serum methylmalonic acid or homocysteine levels should be estab-
lished to exclude a false negative result for vitamin B12 [30]. In vitamin B9 deficiency, the red
cell vitamin B9 concentration is the recommended investigation [30].

10. Treatment of nutritional anemia

In iron deficiency anemia, iron supplementation should be initiated in association with the treat-
ment of the underlying cause of bleeding. Treatment of nutritional anemia requires particular
attention to establish the correct cause in all patients, particularly in elderly patients in a very
good general condition of the body or mind [15]. Standard therapy for iron deficiency is an oral
administration of 200-300 mg of ferrous sulfate (60 mg of elemental iron) [34, 35]. Oral iron
supplementation is usually the first choice for the treatment of iron deficiency anemia because
of its effectiveness and low cost. Vitamin C enhances iron absorption. Intravenous iron replace-
ment may be reserved for patients with iron deficiency that fails to respond to oral replacement
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or in patients with documented malabsorption, inflammatory bowel diseases, malignancies,
renal failure, and also perhaps in anemic patients with chronic heart failure. Parenteral iron
supplementation may also be used when there is an intolerance or noncompliance with oral
preparations. Intravenous iron sucrose is reasonably well tolerated, even when administered in
boluses [35].

In elderly patients, vitamin B12 deficiency anemia may be treated by vitamin B12 supplementa-
tion, parenterally (commonly intramuscular) or orally [36, 37]. Our team (CAREnce en vitamine
B12 [Care B12]) in the University Hospital of Strasbourg (France) has developed an effective oral
treatment for cobalamin deficiency. The main results of our protocol of oral cobalamin therapy
studies are summarized in Table 5 [36] A systematic review conducted under the auspices of the
Cochrane Metabolic and Endocrine Disorders Review Group also supports the efficacy of oral cobala-
min therapy, with: (1) a daily dose of 2000 and 1000 pig for 1 month of crystalline cyanocobalamin

Study characteristics
(number of patients)

Therapeutic modalities

Results

Open prospective study of
well-documented vitamin B12
deficiency related to food-
cobalamin malabsorption (n = 10)

Open prospective study of low
vitamin B12 levels not related to
pernicious anemia (n = 20)

Open prospective study of
well-documented vitamin B12
deficiency related to food-
cobalamin malabsorption (n = 30)

Open prospective study of low
vitamin B12 levels not related to
pernicious anemia (n = 30)

Open prospective study of low
vitamin B12 levels related to
pernicious anemia (n = 10)

Oral crystalline cyanocobalamin:
650 pg/day, during the condition
and continue at least 3 months

Oral crystalline cyanocobalamin:
1000 pg/day during the condition
and continue at least 1 week

Oral crystalline cyanocobalamin:
between 1000 and 250 ug/day,
during the condition and continue at
least 1 month

Oral crystalline cyanocobalamin:
between 1000 and 125 pg/day
during the condition and continue at
least 1 week

Oral crystalline cyanocobalamin:
1000 ug/day, during the condition
and continue at least 3 months

Normalization of serum vitamin B12
levels in 80% of the patients

Significant increase of Hb levels
(mean of 1.9 g/dL) and decrease of
MECV (mean of 7.8 fL)

Normalization of serum vitamin B12
levels in 85% of the patients

Normalization of serum vitamin B12
levels in 87% of the patients

Significant increase of Hb levels
(mean of 0.6 g/dL) and decrease of
MECV (mean of 3 fL); normalization
of Hb levels and MECV in 54 and
100% of the patients, respectively

Dose effect—effectiveness dose of
vitamin B12 >500 pg/day

Normalization of serum vitamin B12
levels in all patients with at least a
dose of vitamin 250 pg/day

Dose effect-effectiveness dose of
vitamin B12 2500 pg/day

Significant increase of serum vitamin
B12 levels in 90% of the patients
(mean of 117.4 pg/mL

Significant increase of Hb levels
(mean of 2.45 g/dL) and decrease of
MECV (mean of 10.4 fL)

Hb: hemoglobin; MECV: mean erythrocyte cell volume.

Table 5. Study by our team on oral cobalamin therapy: Results on hematological manifestations [36].
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for FCM and Biermer’s disease; and (2) thereafter, a weekly dose between 2000 and 1000 ug of
vitamin B12 for FCM and a daily dose of 1000 pg (for all the life) in case of Biermer's disease [37].

In vitamin B9 deficiency, therapeutic doses of vitamin B9 vary between 1 and 5 mg/day [38].
Usually, supplementation is continued for at least 3-6 months, provided that the underlying
causes of the deficiencies have been corrected.

Food sources of nutrients are best for prevention of nutritional anemia, but often supple-
mentation is necessary, especially for the elderly [39]. The USA National Academy of Sciences
recommends that vitamin B9 and vitamin B12 standardized supplementation should be done
(fortified cereal) in elderly.

11. Conclusions

In elderly patients, nutritional anemia represents 30—40% of all anemia. About two-third of
this nutritional anemia is related to iron deficiency. Iron deficiency anemia is mainly the result
of chronic blood loss from gastrointestinal lesions (with benign lesions in two-third of the
cases). The remaining cases of nutritional anemia are usually associated with vitamin B12
and/or vitamin B9 deficiency. In elderly patients, vitamin B12 deficiency is most frequently
related to food-cobalamin malabsorption; vitamin B9 is related to inadequate dietary intake
or malnutrition, several drugs (as methotrexate, cotrimoxazole) and chronic alcohol intake.
Treatment of nutritional anemia is simple and involves replacement of the deficient nutrient
but requires particular attention to discerning the cause.
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Abstract

Anemia is a common complication of inflammatory bowel disease (IBD), usually recog-
nized at diagnosis and during flare-ups. However, the exact prevalence of anemia asso-
ciated to IBD (IBD-A) is unknown. Despite its major clinical relevance and quality of
life impact in both adult and pediatric IBD patients, it has been for long time neglected.
It is mostly multifactorial, being a unique example of the combination of chronic iron
deficiency (ID) and anemia of chronic disease (ACD). The current management of
IBD-A represents a paradigm shift in clinical practice, involving several challenges.
A pro-active approach is recommended and with the new generation of available iron
compounds and recent guidelines, the ultimate goal will be the improvement of the
patients’ quality of life. Sound data are still lacking, concerning the best treatment/
prevention approach for IDA/ID. Based on current evidence, oral iron therapy might be
preferred in mild IDA, whereas intravenous iron may be advantageous in more severe
IDA/flaring IBD. Long-term prospective clinical trials are needed, to optimize treat-
ment schedule and to better define the clinical and hematological long-term outcomes,
both in adults and in children. They should demonstrate the efficacy, safety, and toler-
ance profile of different available iron formulas, as well as their cost-efficacy ratio.

Keywords: anemia, iron deficiency, anemia of chronic disease, inflammatory bowel
disease, Crohn’s disease, pediatrics, childhood, adulthood

1. Introduction

Anemia is the most common systemic complication and extraintestinal manifestation of inflam-
matory bowel disease (IBD), particularly in Crohn’s disease (CD) patients [1-3]. Although it may
be present anytime along the disease course, it is usually recognized at diagnosis and during
flare-ups. However, despite its major clinical relevance and quality of life (QoL) impact in both
adult and pediatric IBD patients, it has been for long time neglected in this clinical setting [4].
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Following the introduction in the last decade of new intravenous (IV) and oral iron thera-
pies, IBD-associated anemia (IBD-A) has been deserving major attention from the scientific
community. Furthermore, the increasing focus on extra-digestive features of IBD, in parallel
with the recent emergence of specific management guidelines concerning IBD-A from the
European Crohn’s and Colitis Organisation (ECCO) [5], has also contributed to a paradigm
shift in the clinical approach of this clinical entity.

In fact, anemia in IBD is not just a laboratory marker; it is a complication of IBD that
requires increased awareness and needs appropriate and timely diagnostic and therapeutic
approaches. The impact of anemia on the quality of life of IBD patients is substantial, as it
affects several aspects of quality of life, such as physical, emotional, and cognitive functions,
work or school absenteeism, hospitalization rate, and health-care costs [4, 6]. Thus, it seems
to be reasonable that both in adult and in pediatric IBD patients, anemia should be rec-
ognized, comprehensively evaluated, and treated. Furthermore, not only a disease-specific
treatment has to be administered but in particular iron-deficiency anemia should be treated,
as there is a sound body of evidence demonstrating its beneficial impact in patients” quality
of life [4, 6].

2. Prevalence of anemia in IBD setting

The exact prevalence of IBD-A is unknown [3, 4, 6]. Reported prevalence rates of anemia in
IBD adult patients widely range from 6 to 74%, depending on the definition of anemia, the
study design, the patient population considered (e.g., hospitalized patients versus outpa-
tients), and the standards of screening and treatment [4, 6]. In a recent systematic review,
the mean prevalence of anemia in adult patients treated in tertiary referral centers with CD
was 27% (95% confidence interval 19-35) and 21% (95% confidence interval 15-27) for ulcer-
ative colitis (UC) [6]. Not surprisingly, anemia is reported more frequently in hospitalized
patients with IBD and occurs more frequently in CD as compared to UC. In fact, according
to recent published studies, the calculated mean prevalence was 20% among outpatients and
68% among hospitalized IBD patients. Furthermore, women with CD are at a higher risk
for anemia. It also appears that hemoglobin (Hb) concentrations increase in the years after
diagnosis which may be explained by the remission of disease following successful medical
or surgical treatment.

The currently used World Health Organization (WHO) definition of anemia (Table 1)
applies also to patients with IBD [7-9]. As mentioned in the subsequent text, anemia in IBD
is mainly the expression of a mixed pathogenesis with iron deficiency (ID) and anemia of
chronic disease (ACD) as the most prominent factors, often coexisting [10]. However, ID
is the most frequent cause, with a reported prevalence between 36 and 90% [4, 7]. Recent
Scandinavian data in adults indicated the prevalence of iron deficiency anemia (IDA) at 20%
and of isolated iron deficiency at 30% (without anemia). After treatment is stopped, IDA
has been reported to recur after a 10-month period and iron deficiency after 19 months after
treatment [1-4].
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Iron deficiency anemia

1.Mucosal inflammation

2.Chronic GI lost

3.Low absorption

4.Poor appetite/malnutrition
5.Dietary restrictions

Anemia of chronic disease
1.Disturbed iron deposit distribution

2.Immuno-mediated modification of iron transportation: iron retention in macrophages; functional iron deficiency:
iron deficiency erythropoiesis

3.Inhibition of erythropoietin activity

Drug-induced anemia

1.Differentiation and proliferation inhibition of erythroid progenitor cells

2.Myelosuppressor effect of drugs—direct effect: thiopurines (azathioprine); indirect effect “anti-folic”: salazopyrine
3.Sulfasalazine effect: impaired folic acid absorption; hemolysis; medullary aplasia

Vitamin B12 e folic acid deficiency anemia

Table 1. Major causes of anemia in IBD and underlying pathophysiology.

Recognized limitations concerning most studies on the prevalence of IDA in patients with
IBD are their retrospective nature or the fact of being surveys from referral centers. Recently,
Ott et al. [10] have prospectively assessed the prevalence of IDA in a population-based cohort
at the time of first diagnosis and during the early course of the disease. A high prevalence of
IDA at different points during the early course of disease was reported. At first diagnosis, ane-
mia of chronic disease was predominant, whereas during follow-up, iron deficiency became
the most relevant reason of anemia. These findings are in line with data of other groups [4,
6], also describing a strong association between the severity of anemia and disease activity.

A possible explanation of these findings might be the population-based character of Ott et al.
study [10], as not only outpatients of a tertiary referral center were included in this study but
also patients with less severe forms of IBD, which are mainly treated by their family doctors. In
this setting, reasons for the insufficient response to the treatment might have been underdosing
of iron supplementation, subclinical inflammation of the underlying disease, or lack of adher-
ence of the patient. Surprisingly, only in one-third of patients with proven anemia, further
diagnostic approach was undertaken. Even patients with diagnosed iron-deficiency anemia
were infrequently and inconsequently treated with iron preparations, despite the high impact
on quality of life.

Limited previous data suggest that anemia is more prevalent in children than in adults with
IBD [7-10], although, to date, there have been no good comparative studies. Although anemia
and iron deficiency might be at least as common in pediatric as in adult patients with IBD, the
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true prevalence in childhood is not known. In fact, IBD-A has been recently estimated more
common (about 70%) in children than in adults (about 30-40%) [10, 11]. In a recent cross-sec-
tional observational study, including pediatric and adult IBD patients, Goodhand et al. [11]
found a prevalence of anemia of 70% (41/59) in children, 42% (24/54) in adolescents, and 40%
(49/124) in adults (P <0.01). Furthermore, children (88% (36/41)) and adolescents (83% (20/24))
were more frequently iron-deficient than adults (55% (27/49)).

Recent population-based studies have demonstrated that the phenotype of IBD presenting in
the young patient differs from that of adult-onset disease [5, 6]. Children and adolescents are
more likely to be diagnosed with CD than UC, with a more severe and extensive disease dis-
tribution at presentation and more frequent extension of disease during the first 2 years [5, 6].
Since they tend to have more severe IBD, it has been hypothesized that the prevalence of anemia
would be predictably greater in children and adolescents than in adults attending IBD outpa-
tient clinics. Although in 2007, Gasche et al. have published the first guidelines on the diagnosis
and management of iron deficiency and IBD-IDA [12], only recently the first ECCO guidelines
on the management of IDA and ID have emerged. Both guidelines concern IBD-associated ane-
mia, but no specific considerations on the treatment of pediatric IBD patients have yet been
included [5, 13].

3. Pathophysiology of anemia

In the majority of cases, IBD-A is mostly multifactorial, being a unique example of the com-
bination of chronic ID and anemia of chronic disease (ACD) (Table 1) [4, 5]. Iron deficiency
anemia occurs when iron stores are exhausted and the supply of iron to the bone marrow is
compromised. IDA is a severe stage of ID in which hemoglobin (or the hematocrit) declines
below the lower limit of normal (biochemical evidence of iron deficiency). The precise bio-
chemical definition agreed on by the experts group is given below [5, 7]. In active disease,
inflammatory mediators may alter iron metabolism (by retaining iron in the reticular-endo-
thelial system), erythropoiesis, and erythrocyte survival. This condition is termed anemia of
chronic disease. Anemia due to iron retention in macrophages driven by pro-inflammatory
cytokines and hepcidin is also called functional iron deficiency (FID) [14-16].

Anemia in IBD (an particularly IDA) thus results (a) on the one hand, from low intestinal bio-
availability of iron due to chronic intestinal blood loss from inflamed intestinal mucosa; (b) on
the other hand, from the combination with impaired iron absorption, either as a consequence
of malabsorption and/or short bowel syndrome, or as a consequence of inflammation-driven
blockage of intestinal iron acquisition and macrophage iron reutilization; (c) also, impaired
dietary iron uptake might be involved, due to therapeutic or voluntary dietary restrictions
and anorexia. Among other possible factors, intake of proton pump inhibitors, persisting H.
pylori infection, may be additionally involved.

Other more rare causes of anemia in IBD include vitamin B12 deficiency (particularly after
resection of the ileum), folate deficiency, and potential toxic effects of medications (such as
proton pump inhibitors, sulfasalazine, methotrexate, and thiopurines; all these may aggravate



Anemia and IBD: Current Status and Future Prospectives
http://dx.doi.org/10.5772/intechopen.69203

anemia by negatively affecting iron absorption or erythropoiesis [5-7]. In fact, methotrexate
and sulfasalazine interfere with the absorption of folate and may mediate folate deficiency [5-
7]; sulfasalazine may also induce hemolysis or bone marrow aplasia; thiopurines and metho-
trexate can induce bone marrow toxicity in a minority of patients. Finally, other causes may
include renal insufficiency, hemolysis, and innate hemoglobinopathies [5-7].

The average adult harbors at least 34 g of stored iron that is balanced between physiologic
iron loss and dietary intake. Most iron is incorporated into hemoglobin, whereas the remain-
der is stored as ferritin, myoglobin, or within iron-containing enzymes. It is estimated that
about 20-25 mg of iron is needed daily for heme synthesis; approximately 1-2 mg of this
requirement comes from dietary intake and the remainder is acquired from senescent eryth-
rocytes (recycling) [8, 9]. Total iron loss averages about 1-2 mg/day, mostly via fecal losses,
skin, and intestine cellular desquamation, as well as through menstruation.

Body iron homeostasis is finely regulated by multiple and sophisticated mechanisms, the inter-
action of the liver-derived peptide hepcidin with the major cellular iron exporter ferroportin
[15-17] being of major relevance. The synthesis and release of hepcidin are induced by iron
loading and inflammatory stimuli such as interleukin 1 (IL-1) or IL-6, whereas its synthesis is
blocked by ID, hypoxia, and anemia. Hepcidin targets ferroportin on the cell surface (entero-
cytes and macrophages), resulting in ferroportin internalization and degradation and blockage
of cellular iron entry. Low circulating hepcidin levels enable an efficient transfer of iron from
enterocytes and macrophages to the circulation, aiming to overcome ID; on the other hand,
iron is retained in these cells when hepcidin levels are high and serum iron levels drop [15-17].

Furthermore, inflammatory cytokines can directly inhibit iron absorption and stimulate
the uptake and retention of iron in macrophages via hepcidin-independent pathways.
Interestingly, there is clinical evidence that circulating hepcidin levels have an impact on the
efficacy of oral iron therapy and can predict its nonresponsiveness; this is consistent with
experimental data demonstrating reduced intestinal ferroportin expression and iron absorp-
tion in individuals with increased hepcidin levels primarily due to inflammation [17]. As
a result, anemia develops and is characterized by low circulating iron levels and an iron-
restricted erythropoiesis in the presence of high iron stores in the reticuloendothelial system,
reflected by normal or high levels of ferritin.

Hepcidin expression mediated through cytokine and the direct effects of cytokines on iron
trafficking in macrophages play a decisive role in the development of this type of anemia
(i.e., ACD or the anemia of inflammation), by retaining iron in the reticuloendothelial system
and blocking iron absorption, which results in an iron-limited erythropoiesis [15,16]. This
is reflected clinically by a reduced transferrin saturation (value below 16-20%). In addition,
cytokines and chemokines further contribute to anemia by negatively affecting the activity of
erythropoietin and an inflammation-driven impairment of erythroid progenitor cell prolifera-
tion [15-17].

As previously mentioned, patients with active IBD may have true ID due to chronic blood loss,
as reflected by low ferritin levels. Moreover, true ID and anemia reduce hepcidin expression.
These effects drive an iron-deficiency-mediated inhibition of SMAD signaling in hepatocytes and
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erythropoiesis-driven formation of hepcidin inhibitors such as erythroferron and growth differ-
entiation factor 15 (GDF-15) [15, 16]. Thus, in the presence of both inflammation and true ID,
circulating hepcidin levels decrease because inflammation-driven hepcidin induction is largely
regulated by anemia and ID. Therefore, in truly iron-deficient patients, despite the presence of
systemic inflammation, considerable amounts of iron might still be absorbed from the intestine.

4. Diagnostic criteria and differential diagnosis

As stated, in IBD patients, anemia is often multifactorial, being IDA, the most common cause.
ACD is also an important etiology, and usually is associated with poor disease control or
severe disease. Other causes contributing to anemia in IBD include vitamin B12 and folic acid
deficiency as well as adverse effects of certain drugs (salazopyrine sulfasalazine and azathio-
prine). In both adult and pediatric patients with IBD, other chronic conditions should also be
considered (i.e., renal insufficiency, hemolysis, and innate hemoglobinopathies).

In pediatric-IBD setting, other mechanisms of IDA, non-IBD related, must be considered, as
this is a high-risk group of ID and IDA, namely characterized by high growth periods, insuf-
ficient ingestion due to dietetic choices, parasitic infestations, low socioeconomic level, and
migrant families. It should also be noticed that ID in the absence of anemia is more common
than IDA, as normal Hb levels do not necessarily mean adequate iron stores [5, 7].

World Health Organization anemia definition (Table 2) is considered valid in both adult and
pediatric patients with IDA and current ECCO guidelines recommend its application to the
establishment of anemia diagnosis.

Hemoglobin levels are influenced by age, gender, pregnancy, ethnicity, altitude, and smok-
ing habits. Interpretation of Hb and hematocrit levels should take these factors into account.

All patients with IBD should be screened regularly for anemia, especially in the presence of
active disease, as ACD can coexist with IDA. The initial workup to establish anemia diagnosis
(and to differentiate IDA from ACD) should include complete blood count, C-reactive protein
(C-RP) or erythrocyte sedimentation rate (ERS), serum ferritin, and transferrin saturation. A
mean corpuscular volume (MCV) and reticulocytes are also helpful in the classification and
differential diagnosis of anemia in IBD setting (Table 3). In some situations, microcytosis and
macrocytosis may coexist, neutralizing each other and resulting in a normal MCV. In this
case, a wide size range of the red cells (red cell distribution width) (RDW) is an indicator of
ID, further contributing to the differential diagnosis. Platelet and white blood cell counts, also
available within the complete blood count, are important to distinguish isolated anemia from
pancytopenia.

By definition, IDA presents as anemia associated with low serum ferritin (referred as the most
important laboratory parameter in the definition of IDA), low serum iron, low transferrin
saturation, and elevated total iron-binding capacity. Other hematological parameters, such as
RDW, mean corpuscular volume, and mean corpuscular hemoglobin (MCH), might also con-
tribute to IDA diagnosis; high RDW, low MCV, and MCH corroborate IDA. These parameters
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Age/gender Hb (g/dL) Ht (%)
6 months to 5 years 11.0 33
6-11 years 11.5 34
12-13 years 12.0 36
Female >14 years non-pregnant 12.0 36
Female >14 years pregnant 11.0 33
Male >14 years 13.0 39

Table 2. Minimum Hb and hematocrit (Ht) levels according to age and gender use for anemia definition (WHO) [9].

Microcytic anemia with normal or low reticulocytes

Iron deficiency anemia, anemia of chronic disease, hereditary microcytic anemia, lead poisoning
Microcytic anemia with elevated reticulocytes

Hemoglobinopathies

Normocytic anemia with normal or low reticulocytes

Anemia of chronic disease, acute hemorrhage, renal disease anemia, aplastic anemia, pure red cell aplasia, primary
bone marrow diseases, bone marrow infiltration by cancer, combination of iron deficiency, and B12/folate deficiency

Normocytic anemia with elevated reticulocytes
Hemolytic anemia
Macrocytic anemia with normal or low reticulocytes

Myelodysplastic syndrome, vitamin B12 deficiency, folate deficiency, long-term cytostatic medication,
hypothyroidism, alcoholism thiamine-responsive megaloblastic anemia syndrome

Macrocytic anemia with elevated reticulocytes

Hemolytic anemia, myelodysplastic syndrome with hemolysis

Table 3. Classification of anemia by MCV and reticulocytes (adapted from Refs. [5, 7]).

may be normal in ACD. In the presence of inflammation (such as acute exacerbation or poorly
controlled disease), it should be recognized that ferritin levels are usually high. New promis-
ing markers, such as a soluble form of transferrin receptor (elevated in iron deficiency despite
the presence of inflammation) are particularly helpful in the presence of active disease, being
currently available in some centers [17]. Other markers, such as serum hepcidin and red blood
cell size factor, may further contribute to differential diagnosis of IDA and ACD [15, 16].

Currently, it has been proposed that, in the absence of inflammation/active disease, serum
ferritin levels of <30 ug/L reflect depleted iron stores; during active disease, serum ferritin
levels of <100 pg/L should be considered as depleted iron stores. In both settings, transferrin
saturation of <16% has been associated with poor iron stores. IDA should be considered in the
presence of elevated inflammation parameters and normochromic and normocytic anemia or
microcytic and hypochromic anemia with serum ferritin of >100 pg/L.
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If, after initial workup, the cause of anemia remains unclear, other tests should be performed
according to the most plausible cause of anemia, such as determination of serum B12 vitamin,
folic acid, blood smear, haptoglobin, lactate dehydrogenase, urea, creatinine, and electropho-
resis of Hb [5].

5. Evolving treatment strategies

5.1. Treatment goals and options

The treatment strategies of IDA in IBD both in adult and in pediatric patients are evolving
from an expectant approach, which is no longer acceptable, to a more interventive approach.
A pediatric retrospective study [13] including 80 children with active IBD and IDA evaluated
the hematological recovery associated with an expectant management (for a median period
of 12 weeks, in parallel with induction therapy). The authors concluded that this approach
caused only a modest increase in hemoglobin levels, and that the proportion of children with
exclusive IDA had increased within the follow-up period.

In adult IBD setting, the available evidence also supports an interventive attitude as hav-
ing better outcomes. In one retrospective population-based cohort study [11] (with 279 both
adult and pediatric IBD patients: 183 CD, 90 UC, and six indeterminate colitis) that aimed to
assess the prevalence of anemia at first diagnosis and during the early course of the disease
(during the 5 years of study period), anemia was found at any time during the study time in
90/279 patients (32.2%). At the time of initial IBD diagnosis, 68 patients were anemic (75.5%
of all patients with anemia) and 44 patients develop anemia at the first year. IDA was found
in 63 (70%) of 90 patients (all anemic patients) and 26 (38.2%) of 68 anemic patients with
anemia at diagnosis and in 27/44 patients at 1 year after diagnosis. Considering IDA treat-
ment, only nine patients with IDA at diagnosis (35%) received iron therapy and 18 patients
with anemia at 1 year after diagnosis. Overall, considering the study period, only 32 patients
with IDA at any time of the study received iron treatment (IV iron was only prescribed in
five patients) and 38 remaining patients with IDA did not receive any treatment. The authors
concluded that despite the high prevalence of IDA during the early course of disease and
the potential highly negative impact on the quality of life, the treatment was infrequent and
inconsequent.

IDA and ID without IDA are associated with poor quality of life that is independent of IBD
clinical activity [5, 7, 18]. Several studies document that IDA treatment is associated with bet-
ter outcomes in quality live assessment [5, 7, 18]. Thus, currently, IDA treatment is a formal
recommendation in IBD patients, reflected by the recent ECCO guidelines [5]. The goal of
iron supplementation is to normalize hemoglobin levels and iron stores. Current treatment
options, in IBD-associated IDA, include both oral and IV iron formulas [5, 19-21] (Table 4).

The ECCO guidelines recommend IV iron as first-line treatment in patients with clinically
active IBD, with previous intolerance to oral iron and Hb below 10 g/dL, as well as in patients
who need erythropoiesis-stimulating agents [5]. These guidelines consider that IV iron is a
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good treatment option in IDA-IBD patients, as it has demonstrated to be more effective, bet-
ter tolerated, and to improve quality of life to a greater extent than oral iron supplements.
Recently published ECCO guidelines, however, do not take into consideration the pediatric
age group and no specific considerations are made considering this age group [5].

Oral iron is available as inorganic ferrous salts, the daily dose ranging between 50 and 200 mg,
in adults and 3-5 mg/kg/day up to 100 mg/day in pediatric patients (Table 4). Although oral
iron supplementation has been traditionally used in IBD patients (adult and pediatrics) in the
presence of IDA, IV iron, however, is rapidly becoming the first line of treatment in this setting,
mainly based on efficacy data, convenience of administration (especially with the most recent
formulations—Table 4), and good safety profile [23-28]. At present time, there are several
available formulations for this purpose, as previously mentioned [5, 19-22]. At pediatric age,
IV formulas currently approved by Food and Drug Administration (FDA) and by European
Medicines Agency (EMA) are expressed in Table 4.

Regarding dosage of IV iron, Ganzoni’s formula [29] [(body weight in kg x [target Hb-actual
Hb in g/dL] x 0.24 + 500)], has been used to calculate iron dosage, both in adult and in pediatric
patients. However, the formula is complex, difficult to use in clinical practice, and appears to
underestimate iron requirements. Alternatively, a simple scheme (Table 5) has been proposed
in the FERGlIcor study (Note: FERGIcor has no additional definition, as it is the specific name/desig-
nation of a randomized controlled trial on ferric carboxymaltose for iron deficiency anemia in IBD) [25],
in which the estimation of IV iron need is based according to pretreatment Hb level and body
weight. Although initially used only to calculate FCM dosage, it has currently been used in
other IV iron formulations, and is recommended in the ECCO guidelines. Limitations of this
scheme include lack of validation in pediatric patients with bodyweight of <35 kg and patients
with Hb below 7.0 g/dL, who may require an additional 500 mg. Also, the estimation of iron
needs in ID without anemia is not taken into account.

5.2. Efficacy, safety, and tolerance data

The efficacy and safety of IV iron for the treatment of IDA in IBD adult patients is well
established and demonstrated by several studies [23-28]. However, evidence regarding the
superiority of IV iron versus oral formulas is yet to be proven [30-33]. In fact, there are
several studies and systematic reviews comparing oral and different IV formulas, with vari-
able results considering efficacy in improving Hb levels, tolerance, and safety (related to
common severe adverse effects) [4, 6]. Particularly in adult IBD patients, data from large
published trials are available, concerning iron sucrose (I0), ferric carboxymaltose (FCM),
and iron isomaltoside (IS) [6, 23, 24, 26-28].

The first IV formulas (high-molecular-weight iron dextran (HMW ID) were associated with
more frequent and severe side effects (anaphylactic reactions), as a consequence of IV iron.
It has been initially used in specific settings, such as chronic kidney disease, neoplastic, and
gynecologic diseases. In gastroenterological disease, IV iron was traditionally reserved for
patients with intolerance or inadequate response to oral iron and/or in whom a rapid increase
in iron stores was desired. As new 1V iron formulas developed, composed by strongly bound
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Hb (g/dL) Bodyweight 35-70 kg Bodyweight 270 kg
10-12 (female) 1000 mg 1500 mg
10-13 (male) 1000 mg 1500 mg
7-10 1500 mg 2000 mg

Table 5. Simplified scheme to estimate IV iron dosage [5, 7].

iron carbohydrate complex (an iron core is wrapped in a carbohydrate shell), in order to mini-
mize the potential risk of free iron reactions and the high immunogenicity leading to severe
adverse reactions of the oldest IV iron formulas, IV iron is becoming a more frequent treat-
ment option in IBD setting. These new formulas largely replaced the use of iron dextrans, as
they have better safety profiles (allowing the administration without the need of a test dose),
and also allowing a more time-efficient fashion in a single high-dose infusion. Nevertheless,
iron reactions may occur with all IV iron preparations, but they are generally not thought to
be immune mediated [30-33].

Each IV formula has a different profile of side effects, being the most common hypoten-
sion, tachycardia, stridor, nausea, dyspepsia, diarrhea, and skin flushing. Other described
side effects include itching, dyspnea, wheezing, and myalgias (especially in the infusion of
large-molecule iron complexes); however, it should be referred that an acute myalgia at the
first administration of IV (without any other symptoms) that alleviates spontaneously within
minutes (i.e., the so-called Fishbane reaction) usually does not recur, and rechallenge is unnec-
essary. Serious side effects are rare and include severe allergic reactions, anaphylactic shock,
and cardiac arrest, but such problems are more common with the older IV formulas mostly
dextran-containing preparations [30-33].

The new IV iron compounds FCM and IS are currently approved for use in IBD setting in
Europe and ferumoxytol in the United States. All three compounds have showed high sta-
bility, favorable safety profile, and complete replacement of total doses of iron in 15 min
[24-27]. FCM was the first of the new agents to be approved for more rapid administration
of large doses. FCM can be administered as an infusion of 500-1500 mg in 15 min; however,
it allows only doses up to 1000 mg per single dose. This IV iron formula is approved in both
adult and pediatric patients (age >14 years old). IS is a particularly promising IV iron formu-
lation, as it can be administered in high doses with a maximum single dosage of 20 mg/kg
body weight, allowing single administration of iron doses exceeding 1000 mg. However, it is
only approved in adult patients. In younger pediatric patients (<14 years old), IS is the only
approved formula.

In 2013, Gasche et al. [7] recommended that oral iron should be considered a possible treat-
ment options in patients with mild to moderate anemia (Hb >10 g/dL, ferritin <30 ug/L), as
oral iron formulations have low cost and are administered at home. Current published ECCO
guidelines reinforce this recommendation, as they suggest that oral iron is effective in patients
with IBD and may be used in patients with mild anemia, whose disease is clinically inactive
and who have not been previously intolerant to oral iron.
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Nevertheless, though several studies (including adult and pediatric patients) have demon-
strated the effectiveness of oral iron formulas in reestablishing normal hemoglobin levels,
these compounds have a slow response in Hb levels (as it may take until at least 2 months
to achieve the desirable Hb level, and up to 6 months to reestablish adequate iron stores),
poor gastrointestinal tolerance (especially if high doses are required), poor absorption (in
active disease and in the presence of inflammation iron absorption is further limited due to
inflammation-driven blockade as referred before), and low compliance (compromising the
treatment goal). Intolerance to oral iron therapy leading to discontinuation has been reported
to be as high as 20% [7, 23, 24].

Additionally, there is some evidence in animal model [34] that oral iron might contribute to
deterioration of mucosal injury. Furthermore, as absorption of iron from the gastrointestinal
tract is limited, the unabsorbed iron is exposed to the ulcerated intestinal surface. One animal
model study [35] compared the effect of oral versus IV formulas on inflammatory and oxidative
stress markers in colitis induced in rats. The animals were divided in four groups (one healthy
control, one colitis-induced control), two of the three colitis rats received 5 mg iron/kg of body
weight a day (as oral or IV iron) for 7 days. Histologic and laboratory inflammatory markers
were assessed. The authors found that the oral iron-treated group had a significant worsening
of histologic and inflammatory markers, as compared with the IV iron treatment group and
the two control groups. They proposed that IV iron should be considered in IBD patients, as it
has shown negligible effects on systemic oxidative stress and local or systemic inflammation.

Other feature that has negatively influenced the option of treatment with oral iron is the puta-
tive reported increased prevalence of intestinal adenomas associated to prolonged oral iron
treatment, in murine colitis model [30, 32, 33]. However, the true impact of oral iron on muco-
sal injury in IBD patients is not well established and the potential risk of colorectal carcinoma
in humans remains controversial [36]. So far, these potential adverse effects of oral iron could
not be confirmed in several published trials [30, 32, 33]. Only one human study specifically
assessed this question [37]. In a small study including 10 CD patients with active disease and
10 healthy controls treated with ferrous fumarate for 7 days, the Crohn’s Disease Activity Index
(CDAL), gastrointestinal complaints and blood samples for antioxidant status, anemia, inflam-
mation, and iron absorption were evaluated (on days 1 and 8). The authors found an increase
in CDAI, and patients reported an increase in diarrhea, abdominal pain, and nausea at day §;
moreover, a deteriorated plasma antioxidant status in CD patients as compared with controls
was observed, thus suggesting that oral iron treatment deteriorated plasma antioxidant sta-
tus and increased specific clinical symptoms in patients with active Crohn disease. However,
these data should be interpreted with caution, as it was a small sample, referring to a group of
patients in which oral iron was not recommended, according to past and current guidelines.

Another potential negative effect of oral iron is the modification of the gut microbiome. In one
recent open-labeled clinical trial, the effects of oral (iron sulfate) versus IV iron (Iron sucrose)
over a 3-month period, in adult patients with IBD (CD: 31; UC: 22) versus control subjects
with IDA without inflammation and its impact in clinical parameters, gut microbioma, and
metabolome [38] were compared. The authors concluded that both oral and IV iron were
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effective in the correction of Hb levels, and moreover they found that oral iron distinctively
affected bacterial phylotypes and fecal metabolites, as compared to IV iron. Although these
data should take into consideration that IBD patients have already a disturbed gut micro-
bioma, they highlight the potential additional gut damage of oral iron.

A recently published prospective controlled open-label 6-week non-inferiority trial, includ-
ing 45 adolescents (aged 13-18 years) and 43 adults (>18 years) with IBD, aimed to assess the
effects of oral iron (ferrous sulfate) on Hb level, disease activity (clinical scores and inflam-
matory parameters—fecal calprotectin and CRP) and also the relationship between baseline
serum hepcidin and Hb response [39]. Quality of life was also evaluated. Rampton et al. [39]
found that the effectiveness (improvement in Hb level) and tolerance of oral iron were similar
in both age groups, and an inverse relationship between Hb response and baseline Hb, CRP,
and hepcidin was observed. Also, the disease activity was not affected by oral iron and patients
reported an improved quality of life—short IBD questionnaire (IBDQ) and perceived stress
questionnaire scores in adults. The authors concluded that oral iron was effective in IDA treat-
ment and that CRP and that hepcidin levels at baseline could be used as additional markers to
better decide whether iron should be given orally or IV.

Ferric maltol is a novel oral ferric iron compound, associated with a lower rate of gastrointes-
tinal effects, with potential use to treat iron deficiency anemia in mild-to-moderate IBD, even
in those who are intolerant to oral ferrous products [40]. This clinical benefit has the potential
to change treatment pathways and increase treatment options. Currently, this compound is
only approved in adult patients.

In the last decade, numerous studies aimed to compare oral and IV iron treatment options,
regarding safety, tolerance and efficacy, as well as impact in the quality of life [23-28, 41].
There are several published systematic reviews in this subject, as well as single and multi-
center studies. All the main IV iron formulations have been compared with oral compounds.
However, studies comparing different new IV iron formulas among each other and comparing
traditional oral iron with the new formulations are lacking. Also, most data refer to adult IBD
population; pediatric evidence, although scare, is emerging.

Considering the studies comparing oral iron sulfate to most used IV formulas (IS, FCM, and II)
in IBD adult patients, the published data highlight that all IV formulas are safe, well tolerated,
and effective in achieving desirable Hb levels. The superiority of IV versus oral iron in treat-
ing IDA-IBD remains unclear, as different results have been published. Studies have found,
however, that treatment discontinuation due to adverse events was lower in patients treated
with IV iron, as compared to patients treated with oral iron. These data are reflected in the cur-
rent ECCO recommendations (mentioned previously), as oral iron is still a treatment option.

In the IS versus oral iron trial [23], a randomized 20-week, controlled, evaluator-blind, multi-
center study with 91 adult patients with IBD and anemia (Hb <115 g/L), the authors reported
that IV iron was more effective in correcting hemoglobin and iron stores, when compared to
oral iron. In the oral iron group, only 48% tolerated the prescribed dose (which might had
influence in the final result in terms of achieving normal Hb levels).
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The FCM versus oral iron multicenter study trial [24] (including 200 adult IBD; follow-up of
12 weeks) attested the safety and effectiveness of FCM IDA-IBD. Although in this study, FCM
allowed fast Hb increase and adequate iron stores, it could only demonstrate the non-inferi-
ority of this IV iron formulation in terms of Hb change over the study time. Also, the rate of
adverse effects was similar in both iron formulas.

Finally, the IV versus oral iron study, published by Reinisch et al. [28], was a randomized,
open-label trial with a total of 338 adult IBD patients in clinical remission or with mild disease
and an Hb of <12 g/dL. They aimed to prove the non-inferiority of IV iron when compared to
oral iron regarding the correction of IDA, as well as to document the number of patients who
discontinued the study because of lack of response or intolerance of investigational drugs,
change in total quality of life, and safety. This study could not demonstrate the non-inferiority
in changing Hb at week 8 post treatment. Indeed, there was a trend for oral iron sulfate being
more effective in increasing Hb than IV. The authors suggested that the results might have
been influenced by the underestimation of true iron needs by the Ganzoni formula.

Two systematic reviews and meta-analysis of iron replacement therapy in IBD patients with
IDA recently published compared the efficacy of oral versus iron therapy in the treatment of
IDA in adult IBD patients [21, 30]. One review identified 757 articles. The total sample size
included 333 patients, with 203 patients receiving IV iron treatment. The primary outcome
was the mean change in the hemoglobin and secondary outcomes included the mean change
in ferritin, clinical disease activity index, quality of life score, and the adverse reaction rate.
The authors concluded that IV iron is better tolerated and more effective than oral iron treat-
ment in improving ferritin levels. Another systematic review published in 2013 [30], including
again only adult IBD patients, also highlighted that IV iron was the best option to the treat-
ment for IDA-IBD, due to improved Hb response, no added toxicity, and no negative effect on
disease activity, when compared with oral iron replacement.

The most recently published systematic review, including only evidence from randomized
controlled trials [33] (five studies including 694 adults with IBD), and comparing IV versus
oral iron, also concluded that IV iron appears to be more effective and better tolerated than
oral iron for the treatment of IBD-associated anemia, as IV iron presented higher efficacy in
achieving a hemoglobin rise of >2.0 g/dL, lower treatment discontinuation rates due to intol-
erance or adverse effects (including lower gastrointestinal adverse events).

In pediatric patients with IBD-associated IDA, the evidence concerning the different treatment
strategies, namely the use of IV iron formulas, is still scare. Also, as previously mentioned,
only IS and FCM IV iron formulations are currently approved, wherein FCM is only recom-
mended in pediatric patients of >14 years old (Table 4). In the pediatric IDA-IBD setting, so
far three published studies support the efficacy of available IV iron formulas [11, 41, 42]. In
these studies, both IS and FCM were used and showed to be equally effective in the treatment
of IBD-IDA, achieving both the desirable Hb level and adequate iron stores in most patients.

In a small single-center prospective study, including 19 pediatric CD patients (median age: 15.5
years) with remissive/mild disease, with a follow-up of 40 months, Azevedo et al. [41] evalu-
ated the safety and efficacy (short and long term) of IV iron, as well as the need of re-treatment.



Anemia and IBD: Current Status and Future Prospectives
http://dx.doi.org/10.5772/intechopen.69203

The median Hb before and after IV iron was 10.5 and 12.7 g/dL, respectively. No major adverse
reactions were documented. This prospective study thus emphasized the efficacy and safety
of IV iron in pediatric IBD patients. In a retrospective study, Laass et al. [42] reported the treat-
ment of pediatric patients with IDA associated to several gastrointestinal disorders, including
a subset of 52 IBD patients (29 CD patients) with a mean age of 11.8 years. In this pediatric
study, all patients were treated with FCM, and the mean Hb level after treatment of 11.9 g/dL
was achieved, with good tolerance and minor side effects. In this study, FCM showed efficacy
and a good safety profile, although data concerning the disease activity and long-term follow-
up of the patients were not reported.

The safety and effectiveness of IV iron (IS) in the pediatric setting were also recently reported
in another prospective single-center study (conducted in 24 children with IBD treated with
infliximab) [43]. In this study, IS was administered after infliximab and no adverse reactions
were documented.

6. Prevention

The recurrence of IDA in IBD is well recognized, occurring in about 50% of the adult patients
within 10 months after IV iron treatment [5, 7, 44, 45].

Recurrence of IDA is directly related with iron replenishment at the end of IV iron treatment
[5, 44-46]. It is admitted that ferritin levels over 400 ug/L might prevent recurrence of IDA in
the subsequent 1-5 years.

ECCO guidelines state that IBD patients should be monitored for recurrent iron deficiency
every 3 months for at least 1 year after correction, and between 6 and 12 months thereafter [5].
Furthermore, they highlight that recurrence might be associated to persistent intestinal dis-
ease activity even if there is clinical remission and remission in inflammatory parameters. An
important message is that recurrence of anemia, especially in the setting of ACD, should lead
to the evaluation of disease activity and an optimized treatment strategy would be required,
as disease control is usually sufficient to correct anemia.

Data concerning recurrence of IDA in pediatric patients are scarce; however, considering the
high prevalence of pediatric IBD-IDA anemia, a recurrence rate similar to that reported in
adult patients should be expected. So far, these data were only described in one study [41],
in which six of 19 (30%) patients needed re-treatment within the 40 months of follow-up
(median period of 15.5 months). Re-treatment was proposed when Hb levels fell under the
baseline level according to WHO criteria and after excluding other factors than IDA contribut-
ing to anemia. This study reinforces the importance of long-term follow-up of the iron status,
also in pediatric CD patients.

The most recent ECCO guidelines suggest that after IV iron treatment, re-treatment should be
initiated as soon as serum ferritin drops below 100 pg/L or Hb drops below cutoff level accord-
ing to WHO criteria [5]. However, the benefit evidence of treating iron deficiency in the absence
of anemia in IBD patients and particularly in pediatric IBD patients is yet unavailable. Currently,
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there are no guidelines concerning the management of ID without anemia in both adult and
pediatric IBD patients. However, ID without anemia and IDA should be closely monitored.

The rational of preventing IDA by treating ID relies on the fact that iron is important to cell func-
tion and that ID can cause symptoms with a negative impact on the quality of life [5, 18]. Several
symptoms have been associated to ID, such as reduced physical performance and cognitive
function, fatigue, headache, sleeping disorders, loss of libido, or restless-legs syndrome among
others [47].

The evidence concerning the treatment of ID without anemia in the IBD setting, however, is
not yet available. ECCO guidelines recommend that the choice of treating ID without anemia
should be considered on an individual basis (according to patients’ past medical history and
comorbidities, age group, symptoms, and individual/parental preferences) [5]. Data on the
effectiveness of periodic IV iron administration as a prevention of IDA in IBD patients are
available for FCM and II (in adult patients) [44-46]. In the adult studies, after IDA treatment
with IV iron, patients received regular doses of IV iron (300-500 mg of FCM or II) during a 12-
month period allowing to maintain stable Hb levels without IDA recurrence and with good
tolerance regarding side effects.

In refractory cases of ACD with an insufficient response to intravenous iron and despite
optimized IBD, therapy ECCO guidelines propose that these patients may be considered for
erythropoiesis-stimulating agent treatment. The recommendation is supported by studies
demonstrating the improvement of Hb levels; follow-up data, however, are lacking and these
agents should be used with caution [5]. There are no pediatric data on the use of erythropoi-
esis-stimulating agents in IBD patients.

Red blood cell transfusion may be considered when Hb concentration is below 7 g/dL, or above
if symptoms or particular risk factors are present. ECCO guidelines also recommend that blood
transfusions should be followed by subsequent intravenous iron supplementation [5].

7. Final comments and future prospectives

In conclusion, the current management of IBD-A represents a paradigm shift in clinical prac-
tice, involving several specific challenges. A pro-active approach is recommended, and both
adult and pediatric IBD patients should be regularly assessed for the presence of anemia,
because of its high prevalence, impact on quality of life, and comorbidity.

Although both oral and IV formulations have demonstrated efficacy in IBD-A, oral iron might
not be an ideal treatment for active IBD-A, with gastrointestinal intolerance occurring in many
patients and a long course needed to resolve anemia and replenish stores. Nonadherence to
a prescribed course of oral iron is common, and even in adherent patients, poor intestinal
absorption fails to compensate for iron need in the presence of ongoing blood losses. In addi-
tion, studies in animal models do not exclude the possibility that oral iron formulations might
increase disease activity in IBD and even the risk of development of colorectal cancer.
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IV iron treatment has shown to be safe and well tolerated in IBD patients with good clinical
response in different formulations (prolonged response). However, although the safety of IV
iron has been demonstrated in studies comprising thousands of patients with numerous clini-
cal entities associated with ID, safety concerns still exist. All iron products can cause hyper-
sensitivity or other reactions and the comparative frequencies of reactions remain unknown.
All involved clinicians should acquaint with the incidence, clinical nature, and significance of
reactions to the existing preparations, systematically reporting to a central agency.

Although any IV iron can cause acute severe reactions, the incidence and severity of reactions
seem quite low, with the doses commonly administered in clinical practice and currently
available dextran-free formulations of intravenous iron (as iron gluconate, IO, and FCM).
Similarly, concerns about IV iron therapy potentially increasing the risks for infections and
cardiovascular disease have not been confirmed in prospective studies or clinical trials and
remain largely unproven hypothesis. There remain, however, some concerns about the poten-
tial for long-term harm from repeated iron administration.

Sound data are still lacking, on when to stop iron supplementation therapy in order to avoid
iron overloading, which may cause side effects, because of the potential of the metal to cata-
lyze the formation of toxic radicals. Recent guidelines on the management of anemia in dialy-
sis patients suggest that ferritin levels of up to 500 ng/mL appear to be safe and this limit
might be a useful upper threshold in the management of patients with IBD-A. Interestingly, in
a recently published prospective single-center study, iron supplementation in chronic kidney
disease patients was associated with a significant reduction in overall mortality.

Certainly, the control of inflammation is a key objective in the treatment of IBD. Because IDA
has a considerable impact on patient quality of life, a thorough and complete diagnostic and
therapeutic strategy should be followed to help patients attain as normal a life as possible.
Given the novel intravenous iron-replacement regimens introduced within the last 10 years,
physicians may have some doubts concerning the optimal iron-replacement regimen to be pre-
scribed. Based on the current evidence and guidelines, oral iron therapy should be preferred
for patients with mild IDA in quiescent disease stages unless they are intolerant or have an
inadequate response, whereas IV iron supplementation may be advantageous in patients with
more severe IDA or flaring IBD, because inflammation compromises intestinal iron absorption.

Further well-designed clinical trials, including well-selected patients and clearly detailing
primary and secondary outcomes, are warranted, to optimize the treatment schedule in these
patients. In particular, considering the small number of published randomized controlled
studies in this important area, prospective studies will be necessary to establish the optimal
dose for correction and maintenance of target Hb levels and iron stores (definition of clinical
end point) and to clarify the impact of anemia correction and iron supplementation on the
course of IBD-A and patient outcomes. Ideally, these clinical trials should integrate new sur-
rogate biomarkers, reflecting more precisely the true systemic iron pathways.

Also, prospective clinical trials are needed to better define the clinical and hematological long-
term outcomes in patients with IBD-A. In fact, good-quality data are required both in adults
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and in children, demonstrating the efficacy, safety, and tolerance profile of different available
iron formulas (oral and IV) in IBD-IDA, as well as to determine their cost-efficacy ratio.

The importance of long-term follow-up of the iron status in IBD patients, including in those
in remission and/or with mild disease, should also be emphasized, as well as the inclusion of
quality of life impact as a relevant specific intervention outcome. Finally, the future acquisi-
tion of larger pediatric experience in the field will drive the emergence of evidence-based-spe-
cific pediatric guidelines.

In summary, all clinicians (particularly gastroenterologists) treating patients with IBD will
need to be increasingly aware of the importance of the screening, diagnosis, and management
specificities of anemia and IBD, for improvement in their general well-being, a matter which
frequently does not yet gain the required attention. With the new generation of available
iron compounds and existent guidelines, the ultimate goal will be the improvement of the
patients’ quality of life.
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Abstract

Anemia in chronic kidney disease (CKD) has been recognized as a separate independent
risk factor of cardiovascular (CV) events. The aim of the review is to provide a literature
summary concerning early diagnosis and treatment of anemia in CKD that may be useful
for clinicians and contribute to decrease CV mortality. Literature searches were made in
such major databases as: PubMed, Medline, Embase, Cochrane Library, CINAHL, Wiley
Online Library, Scopus, Web of Science, e-library, and website of WHO. This search
encompassed original articles, systematic reviews, and meta-analyses relevant to CKD
and anemia over recent 15 years. A total of 54 references from 562 reviewed articles were
selected as they met to the search criteria (anemia and CKD, including diabetes mel-
litus, systemic diseases and post-transplant anemia). The publications included 27 ran-
domized controlled trials, 20 experimental studies representing new data on the links of
CKD anemia and cardiovascular risk markers (cytokines, Klotho, fibroblast growth factor
(FGF-23), hyperglycemia, hypoalbuminemia and some others), 4 systematic reviews and
3 clinical practice guidelines. The main attention was devoted to the analysis of the stud-
ies provided an early diagnosis of anemia, an ability to minimize the factors contributing
to its severity that have allowed to improve CV and total outcomes and to reduce costs of
hospital treatment of CKD patients with anemia.

Keywords: chronic kidney disease, anemia, post-transplant anemia, HIF, sKlotho,
FGF-23
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1. Introduction

Anemia associated with chronic kidney disease (CKD) has been recognized over recent years
as a powerful independent predictor of cardiovascular (CV) complications which is the main
cause of mortality in CKD patients [1-3].

Numerous studies demonstrated the multifactorial causes of anemia in CKD. Some CKD
patients have more severe anemia than it would be expected according to their degree of
severity of renal insufficiency [4-7]. In these cases, it is necessary to consider other factors that
may contribute to the renal anemia, such as inflammation and infection (excessive production
of cytokines), effect of drugs (renin-angiotensin-aldosterone system (RAAS) blockers, cyto-
statics and some others), nutritional disorders (hypoalbuminemia, deficiency of vitamin B,
folic acid, iron) [2, 8, 9]. Chronic inflammation and pro-inflammatory cytokines (IL-18, TNF-qa,
INF-y) are the factors that may aggravate anemia development in patients with diabetes mel-
litus (DM), as well as in CKD due to systemic diseases (systemic lupus erythematosus (SLE)
and systemic vasculitis) [5, 7].

The role of hypoxia inducible factor (HIF) in renal anemia genesis has been better identified.
HIF regulates oxygen-sensitive genes’ transcription erythropoietins (EPO gene) and activity
of the others important mediators, particularly vascular endothelial growth factor (VEGEF),
glucose transporters, and nitrogen oxide synthetases [10]. It was studied the relation of HIF
with the main iron homeostasis regulator —hepcidin [11]. Active oxygen radicals, which con-
tent is always increased in CKD, accelerate HIF degradation and inhibit EPO gene expression,
depressing tubular cells adaptation to hypoxia [12]. Hyperglycemia may also lead to HIF
degradation and incomplete EPO production, especially in autonomous polyneuropathy in
DM [5, 6].

It is discussed the role of lowering sKlotho in CKD anemia that significantly contributes to
CV risk increase [13]. Hemoglobin (Hb) levels > 110 g/l was associated with more increased
sKlotho levels as a cardiorenoprotective factor in anemia management with epoetin and iron
in CKD patients with renal anemia [7, 9].

CKD anemia has normocytic normochromic character. During the course of long-term hemo-
dialysis treatment, anemia may transforms into the hypochromic microcytic iron deficiency
anemia due to blood losses and EPO treatment that requires a proper treatment [9, 14].

In recent decades, indications for kidney transplantation have been extended by the taking
of high-risk patients (diabetic nephropathy, rapidly progressive glomerulonephritis-RPGN,
elderly age) that lead to an increase in the prevalence of post-transplant anemia [15] and increase
in CV risk.

If long-term anemia is not completely corrected in CKD patients, eccentric left ventricular
hypertrophy (LVH) is formed with developing chronic heart failure (CHF) [1, 16, 17] because
of decreased Hb level and an insufficient O, supply to the tissues leading to the sympathetic
nervous system activation, to the increased heartbeat, the renin-angiotensin system and
antidiuretic hormone activation, sodium and water retention and edema occurrence, to the
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increased venous return to heart and the eccentric LVH. In addition, lowering sKlotho leads
to increasing serum fibroblast growth factor (FGF-23), which is considered now as a new ure-
mic toxin, which level elevates earlier than parathyroid hormone (PTH) as the progression of
the CKD [18, 19]. Increased FGF-23 and lack oxygen supply to cardiomyocytes enhance their
apoptosis with the development of myocardial fibrosis and CHF [18, 19].

Early diagnosis of anemia, minimizing and eliminating as much as possible the factors contribut-
ing to its development and timely initiation of treatment are considered today as an important
strategy to reduce CV and total mortality of patients, to improve their quality of life, and to
reduce costs of a hospital treatment of CKD patients with anemia [1, 9, 20, 21]. However, since the
publication of the KDIGO ‘Clinical Practice Guideline for Anemia’ in 2012, significant advance-
ment has been achieved in our understanding of anemia mechanisms in CKD including kidney
transplant patients. At the same time, there is a burning need for randomized clinical trials for
better informed decisions and future optimization of CKD patients care. The aim of the review is
to provide a literature summary concerning the early diagnosis and treatment of anemia in CKD
and after kidney transplantation, which may be useful for clinicians in their clinical practice.

2. Methods

Literature searches were made in 10 major databases: Pubmed, Medline, Embase, Cochrane
Library, CINAHL, e-library, Wiley Online Library, Scopus, Web of Science, and website of
WHO ICTRP. The search was carried out to find all articles relevant to CKD and anemia,
including diabetes mellitus, systemic diseases and transplant patients, as well as original
experimental data. This search encompassed original articles, systematic reviews and meta-
analyses. There was no language restriction.

2.1. Agreed criteria for article inclusion into the review

¢ Articles should be full text. Brief publications and abstracts were not included

* Research should include at least 20 patients in each group. The minimum mean duration
of study was 6 months

* Analyzed literature over last 15 years

* The article should have the detailed research protocol for assessing of its quality
¢ Patients examination must meet KDIGO 2012 guidelines

¢ Randomized controlled trials

* Original experimental data over recent years representing the link of CKD anemia and the
markers of cardiovascular risk (cytokines, Klotho, FGF-23, hyperglyceamia, hypoalbumin-
emia and some others)

¢ Systematic reviews and meta-analyses in this field
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3. Results

A total of 54 references from 562 reviewed articles which met to the search criteria (anemia
and CKD, including diabetes mellitus, systemic diseases, and transplanted patients, as well
as original experimental data) were selected. The publications included 27 randomized con-
trolled trials, 20 experimental studies representing new data over recent years on the link of the
anemia in CKD and the markers of cardiovascular risk (cytokines, Klotho, FGF-23, hypergly-
cemia, hypoalbuminemia, active oxygen radicals, angiotensin II, interleukin-1,TNF-alpha, NO,
and some others), 4 systematic reviews and 3 clinical practice guidelines. There were 10 stud-
ies in pre-dialysis patients, 10 in dialysis, and 7 after transplantation among selected studies
relevant to the prevention and treatment of anemia in CKD. The main attention was devoted
to the analysis of the studies on early diagnosis of anemia, ability to minimize the factors con-
tributing to its severity, timely treatment initiation, that have allowed improving CV and total
outcomes, as well as reducing costs of hospital treatment of CKD patients with anemia.

4. Anemia in chronic kidney disease

Renal anemia (defined as serum Hb levels <130 g/l for men and <120 g/l for women) is an
obligatory complication of CKD progression [1, 2], which is usually occurring when glomeru-
lar filtration rate (GFR) decreases below 60 ml/min/1.73 m? (CKD stage 3-5). At GFR below
43 ml/min/1.73 m?, linear relationship between GFR and Hb level is noted (decreased GFR
of 5 ml/min/1.73 m? is accompanied by a fall in Hb level of 3 g/l) [1, 2, 20]. Importantly, the
degree of Hb decreasing is not just a marker of CKD progression, but now, it is considered as
also a direct independent predictor of cardiovascular (CV) complications, which are the main
causes of mortality in CKD patients [1-3].

Appearance of anemia in CKD may be due to the lowering of endogenous erythropoietin
(EPO) production, shortening of the survival time of red blood cells, decreasing in erythroid
progenitors receptors’ sensitivity to EPO, and diminution of iron supply to bone marrow
because of iron deficiency or its decreased availability, caused mainly by increased levels
of hepcidin, due to inflammation accompanying to the chronic uremia [1, 2, 8]. In addition,
the pathogenic mechanism of CKD anemia development may involve folate and vitamin B,
deficiency due to malnutrition and chronic inflammation resulting in immature erythroblasts
apoptosis [22, 23].

Some CKD patients have more severe anemia than it would be expected according to their
degree of renal insufficiency severity [4, 5, 23]. In these patients other factors contributing to
the anemia should be considered: inflammation and infection (excess cytokines production),
effect of drugs (RAAS blockers, cytostatic agents), nutritional disorders (hypoalbuminemia,
o folic acid, iron deficiency). In diabetes mellitus (DM) patients, some other factors
may also aggravate anemia: chronic inflammation and pro-inflammatory cytokines (IL-1(3,
TNF-a, INF-y), their elevated levels are detected even before the renal failure appearance.
Anemia has been found in about 10% of DM patients with normal kidney function [24]. In

vitamin B



Anemia in Chronic Kidney Disease and After Kidney Allotransplantation (Systematic Review)
http://dx.doi.org/10.5772/intechopen.69746

the cohort of >9000 patients without renal disease, DM was an independent determinant of
Hb levels [24]. Many factors have been suggested additionally contributing to the pathogen-
esis of anemia in DM patients, such as erythropoietin deficiency due to efferent sympathetic
denervation of the kidney in diabetic neuropathy, chronic inflammatory reaction leading
to functional iron deficiency, non-selective urinary protein excretion leading to transferrin
and erythropoietin loss and the use of RAAS blockers [5, 25]. A direct comparison of anemia
between matched diabetic and non-diabetic CKD patients in the epidemiologic study which
included particularly large number of patients at CKD Stage 3A found out the difference
between the groups, and diabetic patients had anemia two times more often than patients
without diabetes (60.4 vs 26.4%). Serum ferritin levels, but not iron, were higher in diabetic
than in non-diabetic patients at all stages; the first ones had also more severe anemia and the
increased ferritin as an acute-phase protein may signify higher subclinical inflammation in
diabetic patients [6].

In patients with CKD due to systemic diseases (SLE, systemic vasculitis), anemia in 10-20% of
cases also develops at the earlier CKD stages (1-2 stage). It is suggested that exacerbation of glo-
merulonephritis as well as an underlying systemic disease may lead to cytokine-mediated dis-
orders of erythropoiesis with the development of anemia of chronic disease (ACD). Recognition
of the ACD based on the analysis of the features of iron metabolism characterized this form of
anemia [7, 9, 23]. The disorders of the iron metabolism are mainly associated with increased
iron absorption and retention iron by reticuloendothelial system cells (RES), followed to lower-
ing of iron admission to the bone marrow [7, 23, 26].

In recent years, it has determined the role of hypoxia-inducible factor (HIF) in the genesis
of renal anemia [10, 12]. It was found that HIF regulates transcription of oxygen-sensitive
genes (EPO gene) and activity of other important mediators, particularly VEGF (vascular
endothelial growth factor), glucose transporters, and nitrogen oxide synthetases. HIF is
a heterodimer constantly expressed in kidney and consists of alpha and beta subunits.
Expression of HIF B-subunit occurs constantly and plays an important role in the body's
response to xenobiotics when heterodimeric transcription complex with aryl gidrocarbon
receptor formed. Expression of a-subunits of HIF-complex (HIF-1a and HIF-2«) is regu-
lated by partial oxygen pressure in tissues. In the case of hypoxia absence, HIF-1a and
HIF-2a rapidly degraded. In case of sufficient oxygen supply to tissues, enzyme FIH (fac-
tor inhibiting HIF) affects asparagine hydroxylation, thereby preventing increase in tran-
scriptional HIF-1a activity. In case of Hb level fall, a-subunit degradation is inhibited that
leads to the formation of HIF-1—cytochrome P300 complex [10, 22]. As a result, active
HIF complex binds to the complementary site of gene EPO locus thereby increasing its
production.

Besides hypoxia, transcriptional HIF-1 activation is induced by nitrogen oxide (NO), tumor
necrosis factor (TNFa), interleukin-1, and angiotensin II. Thereby, HIF-1 also takes part in the
regulation of angiogenesis, glucose, and iron homeostasis [10].

It has been currently established that HIF takes part in EPO production, not only in kidney
but also in liver. Liver is also involved in EPO synthesis, but less than kidneys, and extrarenal
EPO synthesis cannot compensate its renal production deficiency [27].
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The relation of HIF-2a and the main regulator of iron homeostasis—hepcidin has been stud-
ied: hypoxia and iron deficiency suppress hepcidin synthesis and thereby increase in the
possibility of iron absorption in intestine [11]. It is found that HIF and iron interact by iron-
regulated proteins—IRP's: IRP-1 and IRP-2. When iron stores in the body decrease, IRP-IRE
complex prevents sequestration of transferrin receptor and thereby enhances intracellular
intake of iron. If iron stores in the body are sufficient, IRP-IRE complex is inactivated and
undergone to protosomal degradation, and iron is not absorbed. Furthermore, HIF-2a post-
translationally prevents the development of more severe iron deficiency [10, 22].

Elevating active oxygen radicals in CKD also promotes HIF-1a degradation and inhibits EPO
gene expression, thereby decreasing molecular adaptation of tubular cells to hypoxia [12].
Hyperglycemia accompanying to diabetic neuropathy, and especially in case of autonomous
polyneuropathy, also leads to HIF-1a degradation and insufficient EPO production [5, 9, 24].

HIF-1a serum content is decreased in CKD patients with anemia (reference ranges are 1.5-6.0 pg/ml
in adults and in children older than 14 years and). The murine antiserum and monoclonal antibod-
ies against HIF-1a molecules are used for HIF detection [1, 12].

4.1. Diagnosis of anemia

According to the World Health Organization, criteria for the diagnosis of anemia are [2, 9]:
¢ Hb <130 g/1, Hct < 39%, red blood cell count < 4.0 mIn/mcl, in men;

e Hb <120 g/1, Het < 36%, red blood cell count < 3.8 mIn/mcl, in women;

* Hb <110 g/I, Hct < 33%, in pregnant women.

In CKD patients for the diagnosis and future dynamic anemia control, it is necessary to check:
Hb level, main red blood indexes: mean corpuscular volume (MCV), mean cell Hb (MCH),
mean cell Hb concentration (MCHC), number of reticulocytes, ferritin level and transferrin sat-

uration (TSAT), serum vitamin B,,, and folates, as well as for the other anemia forms [1, 9, 20].

Anemia in CKD is the normocytic and normochromic one. The number of reticulocytes in
renal anemia is usually normal or slightly increased that depends on the degree of bone mar-
row erythropoiesis activity. It is noted increasing of immature reticulocytes fraction (IRF)
that representatives of active bone marrow erythropoiesis, despite the EPO deficiency [1, 20,
22]. Perhaps, constant blood loss, associated with hemodialysis procedures, may activates
compensatory medullar erythropoiesis. During the long-term hemodialysis, anemia may
transforms into hypochromic microcytic iron deficiency anemia due to blood losses or EPO
treatment that requires a proper treatment. In case of hypochromic microcytic anemia devel-
opment, hemoglobin in reticulocytes (Ret-Hb) decreases [14, 28].

Functional iron deficiency for erythropoiesis may be diagnosed using TSAT coefficient, as
well as the hypochromic red blood cells percentage (HRS), determined by flow cytometry
[1, 9, 20]. A high serum ferritin level in combination with low-transferrin saturation are the
evidence of increased hepcidin activity that may often be caused by inflammation, confirm-
able by increased C-reactive protein (CRP) concentration (more than 50 mg/dl) [8, 23, 29]. If
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CRP level is high, CKD patient should be examined to detect inflammation (acute infection,
active systemic inflammatory disease) and subsequent anti-bacterial and/or anti-inflamma-
tory treatment should be provided before starting EPO therapy [1, 9, 20, 23, 29].

Renal anemia is accompanied by various clinical symptoms (dyspnoa, dizziness, poor appetite,
depressed mood, decrease in performance, exercise tolerance, breakdown of cognitive, and
sexual functions) and led to poor quality of life, increased hospital admissions, progression of
kidney, and CV diseases, and increased mortality. Results of observational studies over last
years have been strongly confirmed that Hb decreasing is a direct independent predictor of
the eccentric LVH and CHF development (Figure 1), because of the falling of Hb level in blood
and accompanied insufficient oxygen supply to tissues lead to sympathetic nervous system
activation, increased heart rate, RAAS and antidiuretic hormone activation, sodium and water
retention, appearance of edema, increase in venous return to the heart, and eccentric LVH.

| Reduction in Hb level, insufficient of O, supply of tissues |

\ 4

| Activation of sympathetic nervous system, increased heart rate |

\ 4

| Activation of the renin-angiotensin system and ADH, sodium and water retention ‘

A 4

’ increase in venous return, development of eccentric LVH ‘

\ 4

Insufficient oxygen supply to the cardiac myocytes ——» cell
apoptosis with the development of myocardial fibrosis and CHF

Figure 1. The impact of anemia on the LVH and CHF development in patients with CKD and anemia in the absence of
its timely correction.

In addition, changing levels of recently identified new cardiovascular CKD markers such as
sKlotho and FGF-23 progressively contribute to the cardiac remodeling in CKD especially in
anemia persisting due to CKD progression. Increased FGF-23 and insufficient supply of oxy-
gen to cardiomyocytes lead to cell apoptosis, myocardial fibrosis, and CHF [17-19].

5. Klotho and anemia in chronic kidney disease

It was found that circulating form of Klotho (sKlotho) protein has pleiotropic effects as a
humoral factor that protects CV system [13, 30]. Adequate sKlotho expression provides both
renal and CV protection. According to our date [31], patients from third stage of CKD have
shown a direct linear relation between GFR fall and decreasing in sKlotho level. As it was
detected firstly by M. Kuro-o, Klotho is synthesized in kidney tubules. This marker is very
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sensitive to anemia, oxidative stress, intrarenal increasing of angiotensin II, and inflammation
that all take part in reduction of Klotho expression in kidneys [30, 32, 33].

Decrease in serum Klotho may be also a result of inhibition of its extrarenal production.
In this regard, it is interesting to know findings of Takeshita et al. [34] that indicate the
presence of Klotho gene expression in sinoatrial node and high frequency of sudden car-
diac death of mice due to cardiac arrhythmias caused by sinoatrial node’s dysfunction with
blocked Klotho gene. It has been also recently found the strong correlation of the sKlotho
low level with advancing of vascular calcification and CHF in CKD [35, 36]. In addition, it
was shown in mice that loss of Klotho results in reduced MCV and MCH in circulating red
blood cells (RBC) as well as the expression of HIF-1a and HIF-2a was significantly attenu-
ated in Klotho-/- mice, resulting in suppression of EPO [37]. At the same time, recent studies
have shown that administration of recombinant EPO can induce Klotho expression in the rat
nephropathy model [37] and in the preliminary clinic studies [32]. Hb levels > 110 g/l were
associated with higher serum sKlotho levels in anemia management by epoetin and iron, in
patients with anemia at CKD 3B-4 stages (p < 0.001) [32]. Moreover, transmembrane Klotho
is a co-receptor for FGF-23. FGF-23 is considered now as a new uremic toxin in CKD advanc-
ing because of its pathogenic action predominantly on the heart in CKD. In a normal state,
FGF-23 produced by osteocytes regulates phosphorus, vitamin D, and PTH metabolism.
However, as was later shown, an elevated FGF-23 is associated with a high risk of death from
cardiovascular events (CVE) [18]. It is believed, the effects of FGF-23 to the heart may be
caused by its nonselective binding to FGF-4-receptors in the myocardium due to the signifi-
cant increasing of serum FGF-23 along with progressive Klotho deficiency (as co-receptor for
FGF-23) during CKD progression, especially if anemia persists [18, 19]. The data, obtained
in our clinical center, indicate association between FGF-23 and Troponin-I, which may be
a result of FGF-23 cardiotoxic effect on the myocardium, leading to the appearance of the
detectable serum Troponin-I levels [19].

So, taking into account that hypoxia is an independent factor in reducing sKlotho synthesis
in CKD and an urgent need of Klotho for CV protection, CKD patients with anemia who are
managed to achieve the target Hb and to keep it within the reference range by EPO and iron
therapy would have been expected to save sKlotho production and accompanied significantly
lower CV risk [13, 32, 36].

6. The main practical approaches to the treatment of anemia

6.1. Treatment of anemia at predialysis stages of chronic kidney disease

According to the International Guidelines of Kidney Disease Improving Global Outcomes
(KDIGO, 2012), treatment of renal anemia with EPO should be begin if Hb level is decreased
under 100 g/l in adults and children 12-14 years old [1].

In patients with comorbid diseases (CV diseases, DM, advanced atherosclerosis, malignant
tumors) as well as in case of notes on stroke, malignancies in past medical history, the decision
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about EPO treatment should be made individually and started if Hb level <100 g/l, firstly by iron
medication (intravenous or per os) [1, 20, 38]. Preliminary correction of iron deficiency is obliga-
tory requirement for the EPO therapy [1, 9, 20]. The velocity of Hb level decrement, the need for
transfusions, response to the previous iron treatment, the severity of anemia symptoms, as well
as the patient's lifestyle (active professional life, intensive school classes in children) should be
taken into account at determining time for starting EPO therapy [20].

The upper limit of Hb reference range is determined as 115 g/l for most of the patients. Hb
target level should be reached during 4 months [1, 20].

At predialysis CKD stages, short-acting EPO (epoetin-alfa or beta) is administered to patients
subcutaneously at a dose of 50-100 IU/kg per week, it is about 6 thousand IU/week subcu-
taneously [1, 20, 39, 40] (Figure 2). Subcutaneous administration way of short-acting EPO is
considered as a choice because it allows using lower doses and reducing the treatment cost
[21]. The studies of pharmacokinetic of EPO show that subcutaneous administration prolongs
half-life period of elimination of short-acting EPO (epoetin alfa and epoetin beta) [40].

At starting therapy, the rate of Hb increasing should be maintained at 10-20 g/l a month.
Changes of hemoglobin level less than 10 g/L or more than 20 g/L require to gradual EPO dose
correction by 25% weekly up (but not more than 720 IU/kg/week) or downward (Figure 2).

The rate of Hb increase >20 g/l per month is undesirable because of increase in risk of thrombo-
sis. In this case, it is necessary to titrate down a total weekly EPO dose by 25-50%. Monitoring
Hb level at starting treatment period should be performed every 2 weeks, then once a month.
Hb’s concentration change less than 10 g/L requires to gradual EPO dose correction by 25%
upward [1, 9, 20, 39].

The initial dose
of epoetin alfa and beta subcutaneous
is 50-100 TU / kg / week

\ 4

aseyd uonoorioo Aderayy

In case of increase in Hb >10 g /1 (Ht >3%) in serum In case of increase in Hb <10 g /1 (Ht <3%) for the

for the first 4 weeks, the dose of epoetin is kept at first 4 weeks, the dose of epoetin should be

the same level increased at 30 IU / kg / week subcutaneously every
2 weeks

Target Hb level of 115 g/l (Ht 34%)

\ 4

Monitoring of Hb or Ht levels is once in 2
months. Continue epoetin therapy
subcutaneously at the same dose.

The purpose of therapy is to maintain the
target levels of Hb 115 g/1, Ht 34%

aseyd Adeioy) eouruojurewr
L

Figure 2. Algorithm for the treatment of anemia with epoetin a or § by subcutaneous administration of the drug at
predialysis stages of CKD.
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In CKD patients at stages 3-4, iron supplementation is necessary for prevention of iron defi-
ciency, due to increased needs in iron due to EPO treatment, to achieve and maintain Hb level
minimum at 115 g/l during EPO treatment. At the CKD stages 3, iron serum balance might
be maintained by iron administration per os, for example, ferrum hydroxides (III) polymalto-
sate, wherein the dose of dietary iron should be at least 200 mg/day [1, 20, 41].

However, in patients with anemia of chronic diseases, it is a good practice to inject iron intra-
venously only because of insufficient intestinal absorption and iron retention by RES [1, 23, 26].

In addition, it is necessary to control during treatment the residual renal function (GFR and
creatinine blood level in the dynamics), blood pressure (ambulatory blood pressure moni-
toring), hydration (blood volume), and cardiac hemodynamics. Therefore, low-protein diet
with sodium restriction that combined with EPO and antihypertensive therapy may also
play an important role in Hb maintenance [1, 9, 20]. The lower increasing in Hb level (less
than 10 g/l a month or Hct level less than 0.5% a month) is a sign of insufficient effect of EPO
treatment.

The most common cause of insufficient response to EPO is an iron deficiency [1, 20, 26, 42].
Adequate correction of iron deficiency is an important part of anemia treatment in patients
at predialysis CKD stages and on dialysis [1, 9, 20]. In case of early successful anemia treat-
ment onset in CKD patients, they are required less EPO doses to achieve the target Hb level at
hemodialysis reaching as well as a lower incidence of CV complications [9, 39, 43].

6.2. Anemia treatment in CKD patients on maintenance hemodialysis (HD) or
continuous ambulatory peritoneal dialysis (CAPD)

Short-acting EPO can be administered to dialysis patients subcutaneously and intravenously as
well, but subcutaneous administration way requires lower doses of EPO [1, 20, 44]. Target Hb
level is considered as 100-110 g/I (Hct 30-33%) for the majority of hemodialysis (HD) patients
[1, 2, 9, 20]. Dose of 100 IU/kg/week of EPO alfa or beta intravenously or of 60 IU/kg/week
of EPO alfa or beta subcutaneously is required to achieve and maintain this target Hb level.
Subcutaneous EPO administration 1-2 times a week is a way of choice for anemia correction in
patients receiving CAPD treatment because it helps to keep conditions for the formation of a
fistula in case of further switching to HD treatment(1, 9, 20]. If patients are undergoing CAPD,
and neither subcutaneous nor intravenous EPO administration ways can be used, for example,
in children, intraperitoneal administration way to the “dry” abdominal cavity is applied, par-
ticularly when higher EPO doses are needed than in case of subcutaneous or intravenous injec-
tions. Hb level should be monitored every 4-6 weeks in patients on HD and CAPD [1, 9, 20].
Dialysis patients receiving EPO are required iron supplementation intravenously to achieve
and maintain target Hb level, for example iron (III) sucrose, low molecular iron dextran or fer-
ric llI-hydroxide olygomaltosate intravenously slowly during the last 2 hours of the dialysis
session (200 mg once every two weeks) under control of ferritin blood level [1, 45].

Iron deficiency developing during the EPO treatment requires fast correction, which is pos-
sible only in case of intravenous administration way of iron. Optimal and tolerance levels of
iron metabolism parameters are presented in the Table 1 (1, 9, 20).
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Marker Optimal level Tolerance level
Ferritin, mcg/1 200-500 100-800
Transferrin saturation, % 30-40 20-50

Number of hypochromic red <25 <10

blood cells, %

Table 1. Optimal and tolerance levels of the iron metabolism parameters.

Iron deficiency is the most definitive for HD patients [1, 22, 23, 26, 45]. The main reason of
its development is blood losses during medical manipulations that could be about 34 liters,
equivalent to 2 g of iron a year: the blood that remains in the extracorporeal circuit (dialyzer,
blood tubing line), blood loss from the puncturing locus, blood loss during catheter use, con-
cealed hemorrhage in the gastrointestinal tract, and blood loss during laboratory studies.
Young women require more iron supply than men [1, 20, 28].

Efficiency and safety of intravenous iron medications depend on its molecular weight, dose,
and ingredients. Complexes of a low molecular weight, such as a ferrum gluconate, are less
stable and faster release iron into plasma. Free iron may catalyze reactive oxygen forms gen-
eration, causing of lipid peroxidation and tissue damage. The significant portion of a dose of
the such drugs is excreted by kidney in the first 4 hours after drug administration and not
used for erythropoiesis [1, 45]. Despite of large molecular weight and strength of iron dex-
tran drugs, its disadvantage is the possibility to increase the risk of allergic reactions. Ferric
III—hydroxide olygomaltosate [100 mg/ml, 2 ml No5] is not accompanied by free iron release
and does not cause antibodies formation and therefore has a good safety profile [1, 9, 20, 45].

The problem of variability of Hb levels during the period of EPO maintenance therapy is
important in clinical practice of anemia treatment in CKD patients [4, 28]. According to ret-
rospective analysis of the results of therapy of 281 dialysis patients by short-acting EPO, 90%
of those have shown a cyclical variability of Hb levels by more than 15 g/l during 8 weeks.
There were three such fluctuations in average during the 1 year observation. These cycles
were characterized by increase in average Hb level up to 130 g/l and going down to 103 g/l,
and the most common cause (84% of episodes) of it was the changes of EPO dose, 6 times a
year in average [46].

One of approaches of solving this problem may be the administration of long-acting EPOs for
renal anemia treatment, in particular, darbepoetin alfa and constant erythropoietin receptor
activator —methoxypolyethylene glycol epoetin-beta [1, 20, 47, 48]. The starting dose of dar-
bepoetin alfa is 0.45 mcg/kg/weekly in case of subcutaneous or intravenous administration
way. It is allowed subcutaneous administration way of a dose of 0.75 mg/kg biweekly [1, 47].
If the increase in Hb levels is less than 10 g/l in 4 weeks, dose of darbepoetin-alfa should be
up-titrated by 25%, while the up-titration should not be more often than once every 4 weeks.
During maintenance therapy phase, the EPO administration can be continued once a week
or biweekly. Darbepoetin alfa could be introduced subcutaneously once a month of a double
maintenance dose once biweekly [1, 9, 20].
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Starting dose of methoxypolyethylene glycol epoetin-beta is 1.2 mcg/kg once in 4 weeks sub-
cutaneously (baseline Hb level is not taken into account). In case of increase in Hb level less
than 10 g/l in 4 weeks, it is necessary titrating dose up by 50%, in case of increase in Hb level
more than 20 g/l the dose should be titrated down by 50%. It is important to note that half life
of methoxypolyethylene glycol epoetin beta is 139 hours in case of subcutaneous administra-
tion way, that is, 7 times longer than half life of epoetin alfa and 3 times longer than half life
of darbepoetin alfa [1, 48].

Studies performed in dialysis centers of Germany and the UK have shown that in case of
short-acting EPO switching to the long-acting erythropoiesis stimulating agent-methoxypoly-
ethylene glycol epoetin beta (1 injection once a month) or darbepoetin alfa, medical expenses
for anemia treatment have been reduced by 58 and 35%, respectively [21].

New classes of erythropoietin-stimulating agents are currently approved. The phase III study
of efficacy and safety of Rosksadustat—an inhibitor of prolyl-4-hydroxylase —enzyme, that
accelerates HIF deterioration, is carried out. The drug is administered per os. It was shown in
preclinical studies that Roksadustat-activated alfa-subunit of HIF and initiated endogenous
dose-related EPO secretion, improved iron utilization, and resolved anti-erythropoetin effects
of inflammatory cytokines in renal anemia.

7. Anemia after kidney allotransplantation

Despite the impressive successes of transplantation over the last 30 years, 60% of all recipi-
ents” deaths occur with a functioning kidney transplant [49, 50]. The cause of death more
than a half of these cases is CV complications. In renal transplant recipients, CHF risk fac-
tors include DM, age over 65 years, increase in systolic blood pressure, hypoalbuminemia,
cytomegalovirus infection, and post-transplant anemia (PTA). There has been an increase in
the prevalence of PTA over the recent decades [51]. In addition to the general factors for renal
anemia (iron and erythropoietin deficiency), other reasons of PTA are considered [49, 50]:

* widening of indications for renal transplantation for high-risks patients (with diabetic ne-
phropathy, RPGN and etc.)

¢ elderly age
¢ renal transplantation from marginal donors

* modification of recipient’s immunosuppressive treatment when increased using mycophe-
nolate mofetil, calcineurin inhibitors (tacrolimus, cyclosporine A) and rapamycin that as-
sociated with high risk of anemia development.

7.1. The forms of post-transplant anemia

There are relapsing and permanent course of PTA. PTA is also could be of early and late
forms, depending on the time after transplantation [50]. Sixty percent of renal transplant
recipients show recurrent PTA episodes associated with decreasing of transplant function
(GFR <60 ml/min, serum creatinine more than 190 mmol/l) as well as with recurrent of acute
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transplant rejection, re-transplantation, that more common in females, in case of donor’s
age is older than 60 years, in iron deficiency (ferritin <100 mg/l), in patients with DM, sec-
ondary hyperparathyroidism, obstinate infections accompanying by increased CRP levels
more than 50 mg/ml, in cases of combined administration of rapamycin and mycophenolate
mofetil (MMF) or in combined administration of RAAS blockers and azathioprine or allo-
purinol [1, 9, 50].

Permanent PTA is found in 30-40% of adults and in 60-80% of children as renal transplant
recipients [51, 52]. Early PTA develops in the first 6 months after transplantation; it occurs
in 2-3 times more often than the late form of PTA that develops after the sixth month from
transplantation [51, 53]. The incidence of the early severe PTA form is currently high despite
the effective correction of renal anemia with EPO drugs during preparation for transplan-
tation (at regular HD) and rapid increase in EPO synthesis in transplant. This is due to a
post-operative blood loss, inflammatory complications, and hyperparathyroid osteodystro-
phy. Three months later after surgical intervention, PTA severity decreases as erythropoi-
esis in transplant increases. However, 4-5 years later after transplantation, the risk of anemia
development increases (late PTA) because of the progressive dysfunction of transplant (due
to chronic rejection, sandimmune nephropathy, nephropathy recurrence in the transplant,
nephritis de novo in transplant), as well as appearance of the late transplant complications
such as persistent infections, cancerous diseases [54]. There is an inverse relationship between
creatinine and Hb levels in the most of recipients with late PTA that is typical for CKD in
general [1, 20, 53].

7.2. Causes of post-transplant anemia

Causes of PTA are multifactorial (Table 2) [51], but the basic mechanism of either early or
late PTA forms is the fall of endogenous EPO synthesis often associated with the absolute
or relative iron deficiency. EPO level increases to the normal values after renal transplanta-
tion in case of immediate transplant functioning and decreases in case of its delayed start of
function. The frequent reason of PTA is a resistance to EPO appears in case of rejection crisis
of transplant as well as in severe secondary hyperparathyroidism and particularly often in
iron deficiency [50-53]. The absolute or relative iron deficiency is found in 40-50% of recipi-
ents, and it is usually associated with PTA. Post-operative blood loss, chronic infections with
increased CRP level, absence of iron stores in recipient, and small-scale blood loss may result
in iron deficiency [51].

Important causes of PTA are the iatrogenic factors that could impair erythropoiesis, iron
metabolism, and aggravate resistance to EPO [51, 52]. Decreased response to EPO may be due
to the iron deficiency that could be a result of gastrointestinal erosions, accompanying treat-
ment with non-steroid anti-inflammatory drugs, direct and indirect anticoagulants, and cor-
ticosteroids [1, 51]. On the other hand, corticosteroids oppose to myelotoxicity of cytostatics,
including iatrogenic hypoplastic PTA, due to both a direct stimulating effect on erythropoiesis
and granulocytopoiesis and influence on pharmacodynamic of cytostatics [1, 51]. A number
of studies have shown the role of RAAS blockers in the PTA pathogenesis. RAAS blockers
diminish EPO synthesis due to blocking renin-angiotensin-aldosterone system and increasing
serum level of tetrapeptide AcSDKP as endogenous inhibitor of erythropoiesis. The negative
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Anemia pathogenetic mechanism Causes of the PTA

Iron deficiency Post-operative blood loss, attenuation of iron stores in
case of chronic inflammation, drug-induced erosions of
gastrointestinal tract (NSAIDs, glucocorticosteroids)

Erythropoetin deficiency Acute injury of transplant due to a long period of thermic
ischemia, chronic transplant rejection, ciclosporin
nehpropathy

Resistance to erythropoetin Recurrent acute transplant rejection crises, severe

hyperparathyroidism, protein-energy malnutrition, pure
red-cell aplasia (PRCA)

Disease activity Systemic disease, bacterial and viral infections

Malignant tumors B-cell lymphoma, Kaposi sarcoma, hepatocellular
carcinoma

Drug-induced disorders of erythrogenesis Cytostatics (azathioprine, MMF, Sirolimus), RAAS

blockers, anti-viral medication (ribavirin, ganciclovir)

Table 2. Causes of anemia prevalence after kidney transplantation.

effect of RAAS blockers on erythropoiesis is a dose-dependent one. Combined administration
of RAAS blocker with azathioprine or allopurinol is the most dangerous for erythropoiesis
[1, 20, 51, 53].

High doses of sandimmune that are administered in the first few weeks after transplantation
enhance EPO synthesis in tardive functioning transplant due to vasoconstriction and activation of
renin-angiotensin-aldosterone system, but it does not lead to increase in hemoglobin level. Long
term using of calcineurin inhibitors at late stages of transplantation is often accompanied by such
complications as progressive tubulointerstitial fibrosis of transplant (sandimmune nephropathy)
with EPO deficiency and PTA progression. Myelotoxic effect of sirolimus (rapamycin) has been
found in the majority of studies, and it has been more significant that in case of MMF adminis-
tration. Upon joining the MMF and sirolimus, PTA develops in 30-57% of cases. The degree of
decreased in Hb level was correlated with sirolimus dose. Many of new cytostatics used in trans-
plantation require significant increase in EPO dose due to its aggravation of PTA [1, 9, 51, 53].

Rare PTA forms include an autoimmune PTA, a pure red-cell aplasia (PRCA) with autoantibod-
ies to EPO or to its receptor [54]. PRCA appearance as complication of cytostatic therapy (aza-
thioprine, MMF, tacrolimus) with replication of myelotropic parvovirus B19 manifests severe
progressive anemia with absolute resistance to EPO and total dependence on blood transfusions.

In recipients, long-term treated by immunodepressants (including polyclonal and mono-
clonal anti-lymphocyte antibody and anti-cytokine drugs), iatrogenic PTA may be due to
manifestation of infectious (tuberculosis, CMV, HBV, HCV replication) or cancer complica-
tions of transplantation: malignant lymphoma, hepatocellular carcinoma, Kaposi’s sarcoma,
melanoma, bladder cancer, parathyroid cancer, and cervical cancer [1, 20, 51]. Iatrogenic PTA
(with an increase in the requirement of EPO) often develops in the case of treatment of viral
hepatitis by ribavirin, ganciclovir.
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7.3. Risk factors of post-transplant anemia

Risk factors of PTA include depression of transplant function (GFR <60 ml/min, blood cre-
atinine > 190 mmol/l), recurrent relapses of acute transplant rejection, retransplantation,
female gender, donor age over 60 years, iron deficiency (ferritin < 100 mcg/l), diabetes
mellitus, uremic hyperparathyroidism, persistent infection with increase in CRP levels >
50 mg/mL, combined administration of rapamycin and mycophenolate mofetil (MMF), as
well as RAAS blockers and azathioprine or allopurinol [1, 51, 53].

On the other hand, PTA is a risk factor of the acute transplant dysfunction and long-term mor-
tality of recipients [49]. Early anemia may aggravate transplant dysfunction immediately after
transplantation [50]. So, early PTA aggravates hypoxia of transplant’s medullary zone, and
ischemia-reperfusion syndrome thereby increases in risk of ischemic acute tubular necrosis,
acute transplant abruption reaction, acute pyelonephritis and also slows down regeneration
of the epithelium of the convoluted tubules in recipients with delayed transplant function
[49]. Extra renal manifestations of early PTA include exacerbation of ischemic heart disease,
progressive CHF, arrhythmia, prolonged immobilization with a poor exercise activity, blood
transfusion complications, and viral infections [50].

Despite of the fact that the late PTA has a moderate degree in 90% of recipients (Hb level
is of 110-115 g/l), it could worsen prognosis by increasing risk of long-term cardiac mor-
tality [53]. A number of studies have shown correlation between PTA severity and sur-
vival of recipients [15, 49, 50, 53]. The decrement in hemoglobin level by 10 g/l significantly
increases the risk of CHF, cardiovascular, and overall mortality. The data have shown that
iron deficiency affect the survival rate of recipients. Recipients with diabetic nephropathy
and Hct level of more than 30% have significantly lower risk of CV complications than when
Hct <30% [1, 20, 50].

7.4. Epoetin drugs in post-transplant anemia treatment

The observational studies over the last years did not confirm a detrimental effect of EPO on
transplant function and an increase in risk of thrombosis as suggested in 1980-90s. [1, 2, 9,
20]. In the case of early PTA form, despite of presence of factors that may induce resistance to
EPQO, there is usually an adequate response to EPO treatment with rapid normalization of Hb
levels and improving quality of life. In recent years, more preliminary data have been obtained
regarding positive effects of early PTA correction with EPO on transplant’s function and sur-
vival, cardiovascular, immune, and endocrine system of recipient [1, 20, 51].

Response to the EPO treatment of PTA may be enhanced significantly by the modification of
drug therapy (Table 3): in the case of PRCA, EPO therapy should be cancelled until antibodies
to EPO in blood will disappear; in the case of severe hemolysis, the doses of corticosteroids
should be increased and plasmapheresis to be carried out [54].

Precedent data have been received are positive about cardioprotective effect of EPO on
regression of LVH according to echocardiography and on improving quality of life that was
observed in the case of EPO treatment in recipients with blood creatinine less than 190 mmol/1
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Drugs Form of anemia Therapy approach

NSAIDs, Glucocorticosteroids Iron-deficiency The cancel of NSAID, dose decline of
glucocorticosteroids, up-titration of iron
agents in the presence of the same epoetin
dose

Rapamycin, MMF Hypoplastic Dose decline of Rapamycin, up-titration of
epoetins dose

Azathioprine, MMF, tacrolimus PRCA The cancel of cytostatic agents, epoetin
and iron agents, high dosage of
glucocorticosteroids, plasmapheresis, blood

transfusion
RAAS blockers and Azathioprine, Hypoplastic The cancel of Azathioprine, Allopurinol, dose
Allopurinol decline of ACE inhibitors, its substitution for

Angiotensin II Receptor Blockers, calcium
antagonists, 3-blockers

Ribavirin Hemolytic Dose decline of Ribavirin, up-titration of
epoetin

Table 3. The principals of the corrections of iatrogenic PTA.

and hematocrit rising (to the level of 33-36%). Cardioprotective effects of EPO are associated
as considered with both antianemic and pleiotropic effects: activation of stem endotheliocytes
and myocardial neoangiogenesis, as well as with inhibition of myocardiocytes apoptosis and
maintenance of sKlotho levels [1, 16, 32, 43].

8. Conclusion

In recent years, renal anemia is considered as not only a risk factor for CKD progression but
mainly as a separate independent powerful risk factor for CVD that is the main cause of death
in CKD patients. It is recognized not only direct pathogenic effects of anemia on CV system
due to its association with increased cardiac output, left ventricular hypertrophy, heart failure
but also due to contribution to the reduction of cardiorenoprotective factor’s synthesis such as
the soluble form of Klotho protein in CKD.

Anemia accompanying CKD in diabetic nephropathy as well as due to systemic diseases occurs
earlier than in others patients of CKD populations and requires close attention and control at
CKD 2-3a stages.

In dialysis patients along with decreased EPO production and anti-proliferative effects of
uremic toxins, chronic immune activation due to the contact of the immune system cells
with a dialysis membrane as well as due to frequent episodes of infection, leading to the
typical chronic disease anemia, changes of iron metabolism may play a role in the genesis
of anemia.



Anemia in Chronic Kidney Disease and After Kidney Allotransplantation (Systematic Review)
http://dx.doi.org/10.5772/intechopen.69746

In recent decades, an increase in the prevalence of anemia in patients after kidney transplanta-
tion has been due to: expanding indications for renal transplantation for high-risk patients,
elderly age, renal transplantation from marginal donors («unideal» donors, a donor over 60
years old or over 50 years old and the cause of death whom was cardiovascular disease), modi-
fication of recipient’s immunosuppressive treatment when mycophenolate mofetil, calcineurin
inhibitors (tacrolimus, cyclosporine A) and rapamycin, associated with high risk of anemia
development are used more often.

Early diagnosis of anemia, minimizing and eliminating the possible factors contributing to its
development, and timely initiation of treatment are considered today as an important strat-
egy to reduce CV and total mortality of patients, to improve their quality of life and to reduce
costs of a hospital treatment of CKD patients with anemia.
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Abstract

Anemia is a frequent incident for patients with systemic lupus erythematosus (SLE), its
incidence being reported as 18-80%. Anemia of chronic disease (ACD) is the most common
hematological syndrome in the evolutionary context of SLE. In anemia of the chronic dis-
ease, cytokines stimulate the production of hepcidin, an acute phase protein, which destroys
ferroportin produced by hepatocytes. As a result, Fe (iron) is not able to come out from the
erythrocytes and macrophages and is trapped within them. Anemias from chronic disease
are usually hypoproliferative processes. This chapter reviews the correlation between sys-
temic lupus erythematosus and anemia of chronic disease in general (but iron-deficiency
anemia in particular). This text reviews different important methods of examination used to
diagnose the pathological process of lupus as an immune disease and of the hematopoietic
system some of these methods include (general blood analysis, Coombs test, serum iron,
hematocrit etc.). Furthermore, it will discuss the physiopathological mechanism of anemic
syndrome in systemic lupus erythematosus and the changes of the immune system. In
conclusion, the relevance of anemia (independent of its cause) is estimated as being both a
short-term activity of the disease and long-term prognostic factor for the evolution of SLE.

Keywords: anemia, systemic lupus erythematosus, hematological implications

1. Introduction

In general population, anemia is associated with high morbidity in different clinical conditions.
For example, high prenatal risk, developmental anomalies in children, changes in immuno-
logical status, high risk of infections and pattern of hormonal and metabolic development are
usually associated with anemia. Anemia is an independent risk factor for the development of
cardiovascular complications in general population [1-3].

Anemia is present in approximately half of the people with active lupus. Common forms of ane-
mia in these patients are anemia of chronic disease (ACD), followed by iron-deficiency anemia,
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autoimmune hemolytic anemia, anemia of chronic kidney disease and drug induced. Other
types of anemia, such as pure red cell aplasia (PRCA), myelofibrosis, B12-deficiency anemia,
sideroblastic anemia, hemophagocytic syndrome and thrombotic microangiopathy, are rare
forms described in lupus. Anemias from chronic disease are usually hypoproliferative processes
[4, 5]. Recent studies have revealed that resistance to erythropoietin (EPO) in systemic lupus
erythematosus (SLE) can be attributed to antibodies against erythropoietin (anti-erythropoie-
tin). Reduced production and resistance to erythropoietin in patients with SLE is hypothetically
associated with anemia of chronic disease (ACD) [6, 7]. Normally, red cells live only 120 days
(approximately 4 months) and they constantly have to be produced by the bone marrow. The
most common explanation of anemia is the production of fewer red blood cells than usual.
This can be caused by an inflammation, kidney problems (when kidneys produce insulfficient
hormone, erythropoietin stimulates the bone marrow to produce more red blood cells), iron
deficiency (without iron, hemoglobin cannot be produced—iron deficiency can be caused by
excessive menstrual hemorrhage or intestinal hemorrhage caused by non-steroidal anti-inflam-
matory drugs, such as ibuprofen and aspirin) or diminished bone marrow caused by drugs like
azathioprine and cyclophosphamide. Intestinal hemorrhage can be evident if the stool is dark
and tarry, but sometimes the hemorrhage is very little and additional analysis are needed for
the detection of the hemorrhage [3, 4, 8]. Anemia can be caused by the premature destruction
of red blood cells, named hemolytic anemia, or by simple hemolysis. Sometimes patients with
hemolysis have paler skin and in these situations the yellowish color of the skin and eyes is not a
sign of liver problems. Hemolysis is often caused by specific antibodies of the disease that attach
to erythrocytes. When it is accompanied by thrombocytopenia, it causes thrombotic thrombocy-
topenic purpura. Thrombocytopenia is found in 30-50% patients, and it is caused by antiplatelet
antibodies or antiphospholipid antibodies. Both can cause severe thrombocytopenia (<50,000).
Platelet transfusion is generally contraindicated in SLE because of the possibility that the patient
is exposed to new antigens [5, 9].

Being essential for organ function, a large amount of iron is stored in any organism. Excretion
of iron from the body is a very slow process, which occurs through epithelial desquamation and
intestinal secretion.

Anemia of chronic disease is the most common hematological syndrome seen in the evolutionary
context of SLE. In anemia of chronic disease, cytokines stimulate the production of hepcidin — a
protein of the acute phase response, which destroys ferroportin produced by hepatocytes. As a
result, iron is unable to be transported out of the erythrocytes and macrophages. Under the influ-
ence of hepcidin, iron is trapped [7, 10]. In this condition, in spite of sufficient amount of iron in
the body, bone marrow suffers from insufficiency of iron.

Formation of erythrocytes is affected and their duration of life decreases. Erythrocytes are
produced in the bone marrow under the influence of erythropoietin, but in anemia of chronic
disease the cytokines inhibit the production of erythropoietin.

Anemia in patients with SLE is a common manifestation which can result from many causes
such as changes in the immune system, followed by the activation of cytokines, digestive tract
bleeding because of chronic consumption of glucocorticoids, various drugs (for example aspirin
and ibuprofen), presence of enzyme deficiency that predisposes the fragility of RBCs, poor diet
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and malabsorption syndrome. Sometimes SLE patients might have multiple etiological factors
for their anemia. For that reason, it is important to establish a complete and correct diagnosis,
taking into account different therapeutic means [5, 11].

Anemia of chronic disease is determined by a functional deficit of iron, which can be charac-
terized by:

* hyposideremia, despite the adequate/increased amount of iron (increased ferritin in serum);
e direct suppression of erythropoiesis;
¢ determining the capture of the iron in macrophages;

¢ limiting the amount of transferrin iron necessary for erythropoiesis makes anemia mild
and asymptomatic, making it morphologically normocytic/microcytic and saturation of
transferrin low, suggesting the deficit of iron.

Hemoglobin is the protein present in the red blood cells that transports oxygen from lungs to
other tissues of the body. Fatigue is a common symptom of lupus and also the first and most
common symptom in anemia [12, 13]. Anemia can be measured and followed up in various
ways, including calculation of the red blood cells, which emphasizes a reduced number of RBC,
a low level of hemoglobin and hematocrit [12, 14].

The diagnosis of a real deficit of iron in a patient with chronic disease can be very difficult to
determine because chronic diseases can give false-positive results for hyposideremia despite
the presence of stored iron and can also give false-positive results for higher ferritin level in
serum, even in the absence of stored iron—the most useful diagnostic test is the soluble trans-
ferrin receptor (STfR)/ferritin level. Soluble transferrin level (STfR) and ferritin change in oppo-
site directions during iron deficiency; this value is extremely sensible for the metabolism of
iron and can differentiate anemia from chronic disease with the real iron deficit, even if this is
accompanied by a chronic disease. This value is not useful in the presence of renal dysfunction
or hemodialysis, when the saturation of transferrin is <20% and ferritin <100 pg/l shows the
necessity of treatment with iron [2, 14, 15].

2. Physiopathological mechanisms of anemic syndrome in systemic
lupus erythematosus

Anemia of chronic disease, the most frequent comorbidity in patients with SLE is normo-
chromic normocytic, mild (Hb < 9.5 g/dl) or moderate form (Hb < 8 g/dl) of hyporegenera-
tive anemia. In its physiopathology, cytokines and SLE cells change the homeostasis of iron;
abnormal erythropoietin (EPO) production, inadequate response to the secretion of eryth-
ropoietin causes erythroid progenitor abnormalities in the cells and diminished life span of
erythrocytes; these are caused by direct toxic effect on progenitors by formation of free radi-
cals like nitric oxide (NO) and superoxide anion (O,) [16-18].

Changes in the immune system determine the activation of T lymphocytes (CD*) and mono-
cytes, followed by the production of cytokines such as interleukin-1 (IL-1), interleukin-6
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(IL-6), interleukin-10 (IL-10), tumor necrosis factor alpha (TNFa) and interferon-gamma (IFN-
gamma), which stimulate the storage of iron in macrophages and synthesis of ferritin (FT),
which causes decreased availability of iron for erythropoiesis. IFN-gamma, TNFa and IL-1
have inhibitory effect on the proliferation and differentiation of erythroid progenitors. TNFa
and IFN-gamma inhibit the production of erythropoietin in kidney. IL-6 and IL-1 (respon-
sible especially for systemic manifestations in SLE, including anemia) were the first cyto-
kines discovered, implicated in stimulating the secretion of hepatic hepcidin. These cytokines,
being the essential elements in the anemia pathogeny of patients with multiple myeloma,
acting either independently or through producing hepcidin [10, 17]. Hepcidin represents the
link between these two essential mechanisms (immunologic and homeostatic dysfunction)
involved in the pathogenicity of ACD.

In conclusion, not all the causes of anemia in the chronic disease SLE are well known. The
most characteristic types of anemia are iron-deficiency anemia, autoimmune hemolytic ane-
mia, anemia from chronic kidney failure, vitamin B12-deficiency anemia and other forms.
The disease is most frequent in women, does not have a well-known cause and has a special
association with some genes of the immune response. Some affected systems are represented
by central and peripheral nervous system, lungs, heart, kidneys, serous and other elements of
the blood. Other systems of the body may also be affected, infrequently. Some other forms of
anemia found in lupus disease are as follows.

2.1. Autoimmune hemolytic anemia (AHA)

* AHA is a rare phenomenon in patients with lupus. Hemolytic anemia may be classified into
two major groups: with antibodies at cold and hot temperatures. AHA with hot antibodies
is mediated by IgG antibodies that can interact with antigens only at 37°C, and the reaction
with cold antibodies can be as low as 4°C. Coomb test is directly positive and involves one
of the following elements that interact with the surface of the erythrocytes such as IgG.

¢ Other hematological disorders such as neutropenia is a common abnormality that ampli-
fies the risk of secondary infections in patients with SLE, but can also be an index of the
disease state. In addition to neutropenia, lymphopenia is also reported to be a frequently
seen hematological disorder in patients with lupus [4, 9].

2.2. Leucopenia

It is a hematological disturbance that occurs in half of the patients with SLE, circulating gran-
ulocytes being decreased because of granulocytopenia by destruction in the peripheral circu-
lation (antigranulocyte antibodies, hypersplenism), bone marrow dysfunction, drug-induced
cytopenia (azathioprine), lymphocytopenia through non-immunological mechanisms (drug
induced), immunological mechanisms (antilymphocyte-dependent antibodies IgM) and
nonspecific antibodies, which interact with lymphocytes. Leucopenia appears in over 50%
of patients with SLE and is associated with granulocytopenia or lymphopenia. Most of the
times leucopenia can be reversible with adequate immunosuppressive therapy [7, 17, 19].
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Often, leucopenia can be a good gravity index regarding the disease activity, and it can also
appear as a response to the cytotoxic therapy. Leucopenia and neutropenia are the findings
often present in active lupus, but rarely reach such a low level to cause the infections.

The number of cells can be decreased by azathioprine, cyclophosphamide and other drugs.
Thus, the number of white cells should always be monitored during the treatment of SLE. If
the number of white cells decreases too much, lowering the doses of the drugs or discontinua-
tion of the treatment should be done. Dysfunction of the immune system, which causes wide-
spread infection in SLE, is not reflected in the usual blood tests [11, 12, 19, 20].

2.3. Thrombocytopenia

Mild thrombocytopenia (number of thrombocytes 100,000-150,000/uL) is present in 25-50%
of patients with SLE and those with less than 50,000/uL appears to be only 10%. The most
common cause of thrombocytopenia in SLE is the autodestruction of thrombocytes.

Impaired production of thrombocytes is drug induced (as a result of bone marrow suppression).
The main underlying mechanism of this event is the binding between immunoglobulin and
thrombocyte after the destruction in spleen, almost similar to idiopathic thrombocytopenic pur-
pura. Antibodies against thrombocytopenic purpura were detected in the serum of patients with
SLE and correlated with thrombocytopenia [10, 13, 21].

Idiopathic thrombocytopenic purpura can be the first sign in SLE, followed by other symptoms
that can appear later. In these cases, the presence of high antinuclear factor (ANAs) titer of nuclear
antigen increases the possibility of having SLE. A detailed clinical and laboratory examination in
many of these cases may reveal the supplementary index of SLE. Patients with lupus suffer fre-
quently from osteoporosis, because they sum up the risk of predominant feminine population
and long-term corticosteroid therapy [3, 14].

Specific antibodies for coagulation factors are seen in SLE, which is frequently associated with
bleeding. These antibodies are usually present against II, VIII, IX, XI or XII factors. This abnor-
mality is accompanied by hypercoagulation and not by major bleedings. The blood of a SLE
patient can be hypercoagulable for various reasons other than procoagulant antibodies; these
include inherited deficiency of C, S factors or IlIrd antithrombin. Urinary loss of antithrombin
III in patients with nephrotic syndrome also leads to a hypercoagulability state.

3. Methods of investigation

The laboratory examination has particular importance in the diagnosis of the pathologi-
cal processes of lupus as an immune disease and of the hematopoietic system. Ideally, a
peripheral blood analysis is done that includes all the disease manifestation by the quan-
tity and quality index, for example morphological characteristic of erythrocytes, leukocyte,
morphological modifications of leukocytes and the presence of the pathological cells. These
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values provide significant data for establishing the diagnosis for hematological maladies.
Investigations of the number of reticulocytes and thrombocytes also have an important role
in the diagnosis [1].

General blood analysis. Its purpose is to calculate the number of erythrocytes and leukocyte.
Evaluation of the hemoglobin level, erythrocytes and hematocrit index is done for confirmation
of anemia. A complete hemogram is performed to evaluate the global hematopoietic system
and the presence of inflammation. A particular importance is given to the morphological study
of erythrocytes from the blood smear, diameter and the form of erythrocytes (by anisocytosis
and poikilocytosis mark) [2, 22].

Hemoglobin is a tetrameric molecule and contains iron with porphyrin structure. Iron is capable
of reversible link with oxygen only in ferric phase. Iron oxidation in its ferric phase determines
the methemoglobin formation, which alters the absorption and determines the brownish blood
coloration. Normal limits of hemoglobin is 120-140 g/I for women.

The majority of authors distinguish three grades of anemia: grade I—the content of hemoglobin
varies from 91 to 110 g/1, grade II—hemoglobin values vary from 71 to 90 g/l and grade Il —the
level of hemoglobin fluctuates from 51 to 70 g/1 [1, 17].

Erythrocytes. The number of erythrocytes represents the main test for evaluation of eryth-
ropoiesis. Erythrocytes are investigated by measuring the concentration of hemoglobin and
hematocrit; based on the values of erythrocyte index: medium erythrocyte volume (MEV),
mean corpuscular hemoglobin concentration (MCHC) and mean quantity of hemoglobin in
erythrocyte (MCH) are calculated by the analyzer. All these values characterized erythrocytic
population qualitatively.

Number of erythrocytes as a single parameter has insignificant diagnostic value, so that the
correct evaluation of erythrocyte mass is done through the correlation with hematocrit.

Hematocrit is the volume percentage (vol%) of red blood cells in blood. It is normally 45% for
men and 40% for women. It is considered an integral part of a person’s complete blood count
results, along with hemoglobin concentration, white blood cell count and platelet count. The
hematocrit with erythrocytic index is used in the diagnosis of diverse types of anemia [3, 4].

Serum iron is determined using colorimetric method and helps in the diagnosis of iron defi-
ciency. Serum iron is a medical laboratory test that measures the amount of circulating iron that
is bound to transferrin. Clinicians carry out this laboratory test when they are concerned about
iron deficiency, which can cause anemia and other problems. About 65% of the iron in the body
is bound up in hemoglobin molecules in red blood cells. About 4% is bound up in myoglobin
molecules. Around 30% of the iron in the body is stored as ferritin or hemosiderin in the spleen,
the bone marrow and the liver. Small amounts of iron can be found in other molecules in cells
throughout the body. None of this iron is directly measurable from serum level.

However, some iron circulate in the serum. Transferrin is a molecule produced by the liver
that binds one or two iron ions, i.e. ferric iron, Fe*; transferrin is essential if stored iron is to be
moved and used. Most of the time, about 30% of the available sites on the transferrin molecule
are occupied. The test for serum iron measures the iron molecules that are bound to transferrin



The Pattern of Anemia in Lupus
http://dx.doi.org/10.5772/intechopen.71293

and circulating in the blood. The extent at which transferrin molecules are occupied by iron
ions can be another helpful clinical indicator, known as percent transferrin saturation. These
tests are generally done at the same time. Considering the laboratory results together is an
important part of the diagnostic process for conditions such as anemia, iron-deficiency anemia,
anemia of chronic disease and hemochromatosis.

It is extremely important to collect the blood correctly for determining the serum iron. It was
noted that the tubes washed with distilled water contained traces of iron. Another important
matter to be considered is that the patient should not get any iron medication at least 5 days
before analysis [8, 23].

Ferritin content in serum facilitates the diagnosis of iron deficiency in pre-latent period.
Ferritin is the diagnostic marker in iron deficiency, and the latex-test method is validated for
the evaluation of iron storage. Ferritin is measured in the serum using polyclonal antibodies
for ferritin absorbed by the latex particles. The established norm is 10.00-160.00 g/1. Values
under 10.00 g/1 are considered low.

Erythropoietin (EPO), a glycoprotein hormone secreted by the kidney in the adult and by
the liver in the fetus, which acts on stem cells of the bone marrow to stimulate red blood cell
production (erythropoiesis). The Biometrica EPO ELISA test is a immunofermentative in vivo
diagnostic test, which determines the quantity of serum erythropoietin. The glycoprotein hor-
mone erythropoietin (EPO) is an essential growth and survival factor for erythroid progeni-
tor cells, and the rate of red blood cell production is normally determined by the serum EPO
concentration. EPO production is inversely related to oxygen availability, so that an effective
feedback loop is established, which controls erythropoiesis. Since recombinant EPO became
available as an effective therapeutic agent, significant progress has also been made in under-
standing the basis of this feedback control. The main determinant of EPO synthesis is the tran-
scriptional activity of its gene in liver and kidneys, which is related to local oxygen tensions.
This control is achieved by hypoxia-inducible transcription factors (HIF), consisting of a con-
stitutive beta-subunit and one of two alternative oxygen-regulated HIF alpha subunits (HIF-
lalpha and HIF-2alpha). In the presence of oxygen (normoxia), the HIF alpha subunits are
hydroxylated, which targets them for proteasomal degradation. Under hypoxia, because of the
lack of oxygen molecule, HIF cannot be hydroxylated and is thereby stabilized. Although HIF-
lalpha was the first transcription factor identified through its ability to bind to an enhancer
sequence of the EPO gene, more recent evidence suggests that HIF-2alpha is responsible for
the regulation of EPO. Although EPO is a prime example for an oxygen-regulated gene, the
role of the HIF system goes far beyond the regulation of EPO, because it operates widely
in almost all cells and controls a broad transcriptional response to hypoxia, including genes
involved in cell metabolism, angiogenesis and vascular tone. Further evidence suggests that
apart from its effect as an erythropoietic hormone, EPO acts as a paracrine, tissue-protective
protein in the brain and possibly also in other organs [11].

Coombs test. Circulatory anti-erythrocyte antibodies are detected using indirect Coombs test.
Unlike direct Coombs test that uses patient’s erythrocytes, indirect test uses serum. At the
second phase, this mixture is supplemented with a solution that contains human antiglobulin
antibodies. If antibodies exist in the patient’s serum, agglutination appears.
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Thrombocytes. Normal thrombocytes are represented as small cytoplasmic fragments, light
blue colored, with azurophilic diffuse small grains (red-purple), with a diameter of 2—4 um and
oval in shape. The number of thrombocytes can be estimated in the analyzer or in the smear.
The normal value of thrombocytes is 180.0-320.0-10/1, and the values under 180 thousand are
considered as decreased —thrombocytopenia.

Leukocytes—the white cells from the plasma. Depending on the function and their role,
leukocytes are divided in five categories: basophil, eosinophils, lymphocytes, monocytes and
neutrophils. Normal values of leukocytes are 4.0-9.0-10/1.

ESR (Westergren) — Erythrocyte sedimentation rate is the rate at which the red blood cells
make sediment during 1, 2 hours or 15 minutes.

ESR is regulated by the equilibrium between pro-sedimentary factors, main being fibrinogen,
and the negative charge of erythrocytes. The Westergren method is the most frequent method
used to determine the erythrocyte sedimentation rate.

The ESR is a simple nonspecific screening test that indirectly measures the presence of inflam-
mation in the body. It reflects the tendency of red blood cells to settle more rapidly in the face
of some disease states, usually because of increases in plasma fibrinogen, immunoglobulins
and other acute-phase reaction proteins. Changes in red cell shape or numbers may also affect
the ESR.

There are two main methods used to measure the ESR: the Westergren method and the
Wintrobe Method. Each method produces slightly different results. Most laboratories use the
Westergren method.

4. Methods and results

Through analyzing the instruments used for evaluating the SLE activity, we chose the Systemic
Lupus Activity Measure (SLAM) index that reflects the clinical and laboratory parameters of
SLE. The score of this instrument varies between 0 and 20 points, being considered prefer-
able as compared to Systemic Lupus Erythematosus Disease Activity Index (SLEDAI), for
the appreciation of anemia in context with SLE [24]. SLAM is a quantity index that includes
37 parameters, compared to 10 domains that reflect the state of 8 organs and systems (consti-
tutional, reticuloendothelial, pulmonary, cardiovascular, neuromotor, hematological, ocular
and articulations) shown by laboratory data. Each domain is marked from 3 to 11 parameters.

We obtained the next distribution: low activity is mentioned till 10 points, medium—10-20
points and high grade—over 20 points [3].

In accordance with the purpose, a group of 110 patients with systemic lupus erythematosus
have been selected. About 87 of the investigated patients complied with SLE diagnosis crite-
ria issued by the American College of Rheumatology, which constituted the baseline study
group. We had only one male patient, so we excluded him from our research to avoid gender
misrepresentation.
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In our study, we obtained the data about the onset disease age that ranged from 21 to 62 years
(mean age—32.8 +1.32), but more often the disease was established at a young age —between
21 and 39 years. The mean age of the patients at the time of examination was 41.37 + 1.4 (21—
65 years), with the onset of the disease at 8.6 years of age. At the moment of examination,
patients were mostly between 21 and 39 years and only eight were over 50 years old. We were
also interested in analyzing the duration of the disease—from 1 to 365 months (30 years).

In this study, each patient was evaluated individually. We analyzed the obtained results from
SLAM compartments—general, clinical and laboratory. In each compartment, we included
five possible answer variants: 1 —absent or normal; 2—easy; 3—moderate and 4 —severe. It is
noted that in SLAM the “not examined patient” heading is included.

Fever has been characterized by the levels scored in the SLAM, and the indices like oral and
nasal ulcers, alopecia, vasculitis, Raynaud syndrome and anti-DNA antibody-dc had two
answers Yes or No, which signifies the presence or the absence of them. Other components
of SLAM score, which refers to the component status, were represented by a hematological
evaluation of some variables such as leukopenia, thrombocytopenia and lymphopenia; strati-
fication of hemoglobin levels and ESR represents the severity of pathological process.

Skin damage was manifested by the nose or mouth sores, rashes, malar erythema and photo-
sensitivity. The detection of at least one of these conditions adds a clinical score SLAM and it
is expended to disease activity. Cutaneous manifestations such as maculopapular erythema
or deep lupus has denoted with 3 points of damage to more than 50% of the body surface
(ASC), with 2 points to extinction of 20-50% and with only 1 point in case of involvement of
less than 20% of the area of the manipulation. Similarly, the presence of vasculitis has been
noted with the respective score summary area involved. Eye manifestations are presented by
corpuscles, bleeding (retinal or colloid) or episcleritis, papillitis or pseudomotor cerebri, and
depending on the absence or presence and severity of these events, it produces a score from 0
to 3 points for each clinical index. The central nervous system is affected frequently in lupus
patients. The most frequently symptoms were migraine, epilepsy and chorea.

Chronic ulcers, avascular necrosis and hemolytic anemia were observed in our patients with
a frequency of 17.4, 8.7 and 8.7%, respectively. Our data on the incidence of avascular necro-
sis and chronic ulcers are similar to those shown in the literature, and only for hemolytic
anemia, the data were lower than the presented percentage of Giannouli [25]. We diagnosed
a small number of valvulopathy (8.7%). Referring to confirm secondary APS by laboratory
variables, we found that more often anticardiolipin (ACL) IgG antibodies were found than
IgM—60.9 vs. 30.4%, which shows that ACL IgG antibodies have sensitivity and high speci-
ficity and can be indicated in the research plan of patients with SLE in order to forecast pos-
sible thrombosis. Analyzing the results described, we concluded that APS was associated
with SLE in 26.7% of cases, which corresponds to the data reported by Duarte [23] —28% of
cases, but it differs from some older records invoked by Nossent et al. [7], they detected APS
in 54% of patients with SLE. Typical signs of antiphospholipid syndrome —thrombosis—
have been developed frequently in 60.9% of patients, including 21.7% of these were recur-
rent. Antiphospholipid syndrome with concomitant thrombosis in the system of more veins
and/or arteries called APS cascading or Asherson’s syndrome, which endangers the patient’s
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life or seriously alters the quality of life through complications that may arise. Obstetric
pathology was associated frequently in 52.2% of cases examined and negatively affected the
prognosis of the disease. This compromises the possibility of a normal pregnancy; there-
fore, patients with APS associated with SLE can conceive only by an adequate treatment and
should be under rigorous surveillance.

We came across a patient with the medical history of systemic lupus erythematosus, iron-
deficient anemia and symptoms of antiphospholipid syndrome. From this case, relevance of
hematological damage in SLE and APS patients has emerged. So, we continued research ana-
lyzing hematologic risk factors that increase individual susceptibility in SLE patients in terms
of morbidity and mortality through hematologic damage, including autoimmune hemolytic
anemia. Preventive hematology succeeded to prove undoubtedly that by addressing hemato-
logic risk factors significant reduction of the incidence, prevalence, complications and mortal-
ity from diseases of the hematopoietic system could be reduced.

Less has been disclosed on the overlapped quantitative influence of hematologic risk factors
in patients with autoimmune inflammatory chronic diseases such as idiopathic inflammatory
myopathies, Sjogren’s syndrome and SLE, as it admits that the risk factors interact between
themselves, multiplying the hematological risk, which may impact the patient’s condition
during the morbid evolution of the disease. For these reasons, we analyzed the morbid hema-
tologic risk factors in two distinct groups by quantifying them, choosing for individuals with
SLE and healthy people.

At the next stage, we tried to analyze disease activity and organic damage index depending
on the grade of anemia and the presence of anti-DNA antibodies.

According to our results, high SLAM scores (18.78) were associated with severe anemia with
Hb level of 51-70 g/l, and they were having organic damage index values of 1.15. In our
study, the lowest values of the examined indices were demonstrated in the absence of anemia
(SLAM -7.17, damage index — 0.56) with a background of negative anti-DNA. In the medium
and moderate forms of anemia, SLAM score and damage index were moderately elevated.

Analyzing the anticardiolipin antibodies, IgG and IgM, in all these groups, we found that the
average IgG antibodies was higher in the group of patients with ACD—12 (35%) cases versus
patients in groups with iron-deficient anemia and AHA, where the indices were 5 (25%) and
1(20%) (p > 0.05).

The same frequency was also observed in the level of anticardiolipin IgM antibodies. Patients
(20 (33.9%)) with iron-deficient anemia and AHA + ARF (anemia of renal failure) had identi-
cal levels of IgM anticardiolipin antibodies in 20% of cases, whereas the ACD patients had a
higher rate of 26.5%. We noted that the C3 complement level was reduced to over 80% of cases
of anemia in all groups, a situation that indicates high disease activity.

Analyzing the frequency of high titers of anti-DC DNA, we observed that in groups of patients
with chronic anemia and iron-deficiency anemia this index was positive in 70% of cases and
reported in 44 patients as compared to Group III, where DNA anti-DC was positively observed
only in 2 (40%) patients.
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In the third group of patients, lupus nephritis was detected more frequently in 60% of cases,
whereas in groups of patients with anemia of chronic disease and iron-deficiency anemia, lupus
nephritis was detected in 40% of cases. The differences were statistically significant (p < 0.01).

For confirming anemia and the quantification of its intensity, we appealed to the index of the
disease activity in hematological lupus—Systemic Lupus Activity Measure (SLAM), which is
a test that measures the activity of the disease in patients with SLE through the condition of
23 clinical and 7 laboratory parameters commensurate with points. The total possible score
of this instrument varies between 0 and 20 points. Unlike SLEDAI, the SLAM index includes
not only objective signs and laboratory parameters but also the evaluation of the hemoglobin
level and the hematocrit. Analyzing the obtained data, we discovered that of the 59 patients
with anemia, 34 (57.6%) were diagnosed with anemia of chronic disease and accumulated an
average of 22.6 + 1.94 according to the SLAM score, a result that is equal to a high activity of
the disease; 20 patients (33.9%) with iron-deficiency anemia received 18.9 +1.14 score having a
moderate-high activity of the disease and 5 (8.5%) of the interviewed patients with other types
of anemia obtained 24.9 + 1.03, a score qualified as a high activity of the disease.

5. Statistical evaluation of the used methods

Data obtained as a result of investigations were processed by computerized analysis (SPSS),
correlation and discriminating variation. The degree of correlative relations between the eval-
uated parameters was assessed using the correlation coefficient R.

Conclusive differences between the mean values of the parameters studied in different batches
were estimated using the Student’s t test.

Comparing the results of the disease estimated by two questionnaires, it has been inferred
that the SLAM, which was drawn up after multiple multidimensional studies, is based on the
experience in the field of the assessment of disease activity to patients with lupus, which can
be validated as a sensitive instrument in measuring lupus activity and for detection of pos-
sible hematological changes in this pathology. The SLAM index is variable, with the instru-
ments and patients included in the study group, and it seems that it has outrun the SLEDAI
of being informative in measuring lupus activity, the signs and symptoms activation of pre-
existing hematological changes. It should be noted that SLAM evaluates, like the SLEDAI
does, light organic manifestations, as well as the serious ones, which define the prognosis of
the disease and the amount of organic damage index.

We were interested to estimate general state of health through SLAM, which is not stipulated
in the SLEDAIL And that is because a person without neurolupus, but with a poor general
condition estimated by the SLEDAI may display a low score, and the same patient assessed
after SLAM can display with proper activity according to the index that is constitutionally
expended score from hematological changes. We recorded the importance of the accuracy of
the applied tool according to the hypothesis, the first-ever SLAM is designed to record only
the symptoms reported by the patient due to SLE, but sometimes it becomes difficult to dis-
tinguish claims of secondary manifestations of light lupus exacerbations.
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In the tests for the evaluation of disease activity in accordance with the questionnaire, in addi-
tion to SLAM, clinical examination has taken into account and some laboratory variables such
as the number of leucocytes, lymphocytes, platelets, hemoglobin and ESR. Hemoglobin val-
ues ranged between 68 and 148 (107.6 +2.1) g/1, they being an indication of anemia. Leukocyte
index in the batch of examined patients noted in average 1900-8800 (4.38 + 0.3). The average
values of lymphocytes were 9942 + 0.4 (variations between 565 and 1900 or from 12 to 36%),
and the level of platelets has been downsized considerably —246,900 + 9.2 (numerical varia-
tions between 111,200 and 450,000).

We analyzed the ESR as important hematological index, which increased the number of
patients to 64% (74.4% advertising and reflecting the high activity of the disease).

We were interested to analyze the titers fractions C3 and C4 of the complement, along with the
complement titer, which ranged between 1:4 and 1:128. It is worth noting that complement C3
fraction joined in the range of 6.8 to 130 mg/dl (23.4 + 3.4), predominantly being low. C4 fraction
was found for low and medium (8.22 + 1.48) with variations between 4.0 and 22.4 mg/d]l, the
most common being dropped in the majority of patients with systemic lupus erythematosus.

We were interested in comparing the results of two cohorts in the SLAM. Patients included in the
study were divided, as we agreed in two batches: with anemia—59 cases (68.6%) and without
anemia—27 cases (31.4%).

To analyze anemic syndrome, two groups, which consisted of 59 patients with anemia and
27 patients without anemia, were numerically different to compare, so later we resorted to
instrumental indexes included in the scale of assessment of the SLAM disease activity.

Comparing groups through the constitutional component, it was estimated that the patients
who had various types of anemia, constitutional abnormalities, included in this section, were
detected more frequently than those without anemia (p < 0.05). We also found that the skin
of the patients in the first group, with anemia were more frequently affected, compared with
the group of patients without anemia and fatigability (43.2%) were present in bigger intensity
was expressed in the batch of patients with anemia. It could define the basic disease, but pre-
cipitated by the presence of anemia.

Collaboration obtained outlined in the following: oral ulcers, periangle erythema and photo-
sensitivity were found in a greater number of patients with anemia—46 (77.9%) in compari-
son with batch without anemia, where they were detected in 18 (66.7%) patients. In addition
to erythema alopecia and discoid lesions being extended to patients with anemia.

After the estimation of lupus activity on cardiovascular impairment, the results revealed higher
values in the batch of patients with anemia to 61.0% (versus 29.9% cases), and in the group with-
out anemia, we can summarize that the activity has an impact on disease anemia or maintain
this pathology. Speaking about the effect of SLE on central nervous system, it was observed
especially in patients with anemia, accounting for 57.6% of cases having an impact on lupus
activity. Our data transpose with literature data show that the damage to the nervous system
reflects the activity of the disease in patients with anemia [3].
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Comparing the values of lymphocytes in both groups of patients, we have revealed that lym-
phocytopenia was more specific in the group of patients with anemia—49.1% of cases had
decreased lymphocyte levels as low as 565 cells. Thrombocytopenia was also more common
in patients with the beginning of anemia in lupus. As a matter of fact, the ESR, primarily, is a
common index, and it was investigated in terms of different rates of acceleration, depending on
the activity of the disease. Defining line was inspired by the study of LIGHT XXIX (Villa, 2005),
which divided the ESR values into four categories: <12—normal, 12 to 30—average accelera-
tion, 30 to 50—moderate hike and over 50 mm/hour —marked acceleration, the results being
calculated after an hour and the possibility of making a finding after 2 hours (to 6-24 mm).

We were interested in analyzing the disease activity and damage rate index of various categories
of ESR. ESR has been determined to be of average elevation—12 to 30, moderate elevation—30
to 50 and marked as acceleration—over 50 mm/hour.

We analyzed whether the activity, SLAM index and IL are reflected in ESR. According to the
data, ESR was independently associated with high scores of SLAM. It was found that accel-
erated ESR associated with both disease activity, as measured by the SLAM, and with high
scores of the SF-36, which had been in decline. The relation between index variables and effect
on the quality of life as measured by the SF-36 was foreshadowed.

It should be noted that the increase in ESR was not dependent on the organic damage index.
We can conclude that the erythrocyte sedimentation speed is a relevant test and can be consid-
ered a sensitive index. ESR has been correlated with disease activity, assessed by SLAM and
has impact on the quality of life, based on estimates by the SF-36.

6. Risk factors for the development of hematologic manifestations
in SLE

We took the risk factors as a research vector in order to highlight and analyze their impact later
on the installation of hematological lupus and their interference with the subsequent devel-
opment of the disease. Data displayed in the recent related literatures highlight both gen-
eral and specific risk factors for hematological lupus. General risk factors are hypertension,
diabetes, obesity, dyslipidemia, smoking (more than 10 cigarettes per day), valvular heart
disease and/or atrial fibrillation, cumulative doses of glucocorticosteroids >10 g, oral con-
traceptives, pathology of thyroid (history of hypo- or hyperthyroidism, antithyroid therapy
or HRT) and family history of psychiatric illness [18]. Specific risk factors involve increased
levels of antiphospholipid antibodies, the presence of lupus anticoagulant and antiphospho-
lipid syndrome and the presence of Raynaud’s phenomenon, livedo reticularis and cutaneous
vasculitis [10, 14].

An imperative of assessing anemia is presented by identifying and stratification of the impor-
tance of each clinical and serological parameter suggested as a risk factor for hematopoietic
system involvement in lupus [13].
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From the study, we observed that the most commonly found index in patients with lupus was
the antiphospholipid syndrome, which was present both in patients without hematological
damage—8 (9.3%) cases and in those with severe hematological damage—15 (17.4%) cases.
Our survey data coincide with those stipulated in researches throughout the world, where
the association of antiphospholipid syndrome is most often reported anemia pattern in lupus.

According to the following data, the presence of livedo reticularis in patients without anemia
was detected in 14 (16.3%) cases and in patients with anemia in 17 (19.7%) cases. Thus, we pre-
sume that the presence of livedo reticularis in the study conducted by us is associated with
hematologic manifestations and can be considered as a risk factor of a hematopoietic system
involvement in patients with lupus. The newest scientific reports present the Raynaud syn-
drome as a specific risk factor for developing anemia, mainly for ACD (anemia of chronic dis-
ease) and iron-deficient anemia [7, 13]. According to our data, Raynaud syndrome was present
less—only in 3 (3.5%) patients without anemia and in 6 (6.9%) patients who developed anemia.

Clinical examination of patients noted that cutaneous vasculitis has been associated closely
with various events in the development of anemia and was present in 12 (13.9%) patients, since
patients without anemia only in 5 (5.8%) cases.

In addition to specific risk factors, we were concerned about examining generic risk factors that
were less connected with anemia before. We found a close association between hypertension
and hematological manifestations—11 (18.6%) patients. It is important to mention that in 2
(2.3%) cases where diabetes was detected, hematological syndromes were observed simulta-
neously. Following the examination, we reported that factors such as obesity, dyslipidemia,
smoking excessively and cumulative dose of glucocorticosteroids >10 g were identified mainly
in patients who developed various hematologic manifestations.

A special role is given to valvulopathy, which was detected in 5 (5.8%) patients without anemia
and 6 (6.9%) patients with anemia. The studies in the domain show a high frequency of anemia
in patients with valvulopathy of left heart in systemic lupus erythematosus [20]. Other research
highlights the frequent association of renal and hematological manifestations in lupus [11, 26].
According to data reported, kidney damage was detected in 4 (4.6%) patients without anemia
and in 24 (27.9%) patients with anemia. The risk profile is complemented by another factor,
such as compromised neuropsychiatric history detected in 5 (5.8%) patients in the group with
hematological antidamage (clarify).

Summarizing the exposed view of the risks of the patients with SLE, we can register that
antiphospholipid syndrome, livedo reticularis, skin vasculitis, smoking, cumulative dose of
glucocorticosteroids >10 g and kidney damage are more commonly found in the context of a
hematological lupus than in those without impaired heme.

7. Synthesis of the obtained results

At the current stage, the study of the hematological manifestations in systemic lupus ery-
thematosus (SLE), which is a severe, multisystem autoimmune disease of unknown etiology
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with varied clinical and paraclinical expressions associated with a hyper production of auto-
antibodies and with a potentially major fatality rate, represents a domain of scientific interest
and an important medicosocial issue [19].

In the past 5 years, thanks to immunological and morphopathological achievements and the
usage of techniques of fundamental organic research, important progress was obtained in
regard to the diagnosis, monitoring and the treatment of autoimmune diseases.

Nevertheless, the diagnosis of this disease [11] and the bearing of the expenses of the social
support persist because SLE has a major potential of disablement and thereby affects the qual-
ity of life severely. The prevention of relapses transforms into an extension of the remissions
leading to a mostly regular social inclusion and reduced social costs through limiting the
hospitalization time [24]. Still, the impact of the pathology of the hematopoietic system on the
quality of life remains uncertain.

In the presented paper, we intended to analyze the modern research regarding the clinical
and paraclinical diagnosis of systemic lupus erythematosus. We have examined a group of
patients with lupus by thoroughly researching the hematopoietic system—a clinical criteria
discussed in the specialty literature. In the past 10 years, these discussions [12, 13] are related
not only to the classically iterated clinical manifestations but also to their quantification
through instruments and also using hematological, immunological and paraclinical methods.

In our study, the female/male ratio was 86 (100%), respectively, 0. Analyzing the average age
of onset, we have established that the onset of the disease was at various ages—from 21 to
62 years old (average 32.8 + 1.32) but essentially young people are affected. At the moment
of examination, the patients observed were averagely 41.37 + 1.40 with variation intervals
21-65 years. The analysis of the disease duration detected significant divergences: from 1
month up to 365 months (48 years). In the study, we have examined patients with an aver-
age evolution span of the lupus process of 98.28 months (8.6 + 0.47 years), most frequently
between 1 month and 5 years. A study of prospective analysis was accomplished by Harly
(1989) [11] but with an average evolution span of the lupus process of 5.4 months and because
of the shorter stage, a disparity of results is presumed when it comes to a comparison to our
own data regarding the cumulative doses of corticosteroids and the index of organ lesion.

Throughout our study, we were interested in distinguishing the etiological aspect of the
moment of onset of SLE, an aim for which we have intended to reflect the specter of triggers
through the overlap of anamnestic data that were accurately collected from the patients
included in the study and divided into two groups: those with anemia and those without
anemia. Our results revealed the presence of stress in 11.1% of those who did not develop
anemia and in 10.2% of those who developed hematological syndromes during the disease.
This determined us to consider that the psychoemotional stress was significantly involved
in both groups included in the study. Exposure to low temperatures was identified both in
the evolutionary context of the patients without anemia—18.5% and in that of those with
anemia—20.3%. Another trigger, antecedents of exposure to sun, was detected in 33.3%
of lupus patients without subsequent hematological manifestations and in 27.1% of those
who developed anemia. It seemed that the exposure to sun generated the systemic lupus
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erythematosus but it somehow was a more protective measure for the following lesion of
the hematopoietic system while the vaccination was less actively implicated in the onset
of lupus—in 3.7% but those cases presented with a significant potential of hematopoietic
system implication in the course of the disease—in 1.7% of cases. Simultaneously, we estab-
lished that 29.6% of the patients without anemia and 32.2% of those with anemia could not
outline any causes that led to SLE, this leaving room for more elaborate studies on this topic
in the future.

Thus, the comparative assessment of the conditions which preceded the disease in the study
groups revealed that the insolation and the exposure to low temperatures take up the biggest
share as triggers for the development of hematological syndromes in systemic lupus erythe-
matosus, while the psycho-emotional stress and the vaccination are not directly responsible
for the onset of lupus but their impact on the development of anemia is not excluded.

For the estimation of the activity of lupus, we chose a validated instrument—the SLAM index.
The results of the investigation confirmed that the use of this index is also practicable in the
dynamic assessment of the activity of the process and the implication of the hematopoietic
system rendered through anemia, leukopenia, lymphopenia, thrombocytopenia and acceler-
ated erythrocyte sedimentation rate. Referring to the average score of the SLAM index, it was
higher in the patients included in the study than in the prospective study presented by Bertoli
(2007) [24], constituting 22.6 + 1.94 versus 19.4 + 5.5. It should be noted that on the position of
significant discrepancy is the fact that all the patients from our group of study were receiving
corticosteroids, whereas in the reference study only 69.2% of the patients were receiving corti-
costeroids at the moment of the examination.

The clinical picture of lupus presented very diversely by involving different organs and systems.
We wanted to compare the frequency of the diagnostic criteria ACR 1997 for SLE met by the
patients in our group of study and those from the reference study reported by Giannouli (2006)
[23], where the prevalence of anemia between the lupus patients was 50%. Similar data were
published by Bertoli (2007) [20]. Considering that we detected a rate of 68.8% of hematopoietic
system implication in our study, we continued to compare our results with other studies. In this
connection, we discovered that the results obtained by Voulgares (2000) and Alastair [1] proved
the hematopoietic system affliction at a rate of 14 and 80%, respectively. It is noteworthy that
in the longitudinal study LUMINA LI (2007) [24] carried out on a cohort of 613 patients in the
hematological modifications were present in 62.3% of cases. Therefore, our results are similar to
the data of some studies, whereas they differ substantially from others. It is difficult to explain
the big difference for the hematopoietic system impairment, but we can suppose that the cause
has been the recently instituted lupus—only 5 months in the reference group, while the hemato-
poietic system implication is a rare manifestation.

For obvious reasons, we referred our results to the data from other studies which reported to
the presence of lupus diagnostic criteria: oral ulcerations, arthritis and arthralgia, serositis and
renal lesions and we deduced that these attest in similar proportions to those appreciated by
the prospective study of Harley (1989) [18]. Our data noted that the presence of photosensitiv-
ity in 65.1% of the patients and that of the malar erythema in 89.5 versus 36-41.5%, respec-
tively, which were discovered in the study of reference Harley (1989). The data referring to
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hematological and immunological modifications and the antinuclear antibodies are similar
to those appreciated throughout our study—64.3% cases. In all the patients with systemic
lupus erythematosus, we remarked the presence of antinuclear autoantibodies (ANA) and
anti-double-stranded DNA (anti-dsDNA), at least one of these indexes was found positive in
the patients included in the study. According to the criteria defined by the American College
of Rheumatology (ACR), the diagnosis of systemic lupus erythematosus was established on
the basis of 4 or more criteria from the 11 criteria stated by the ACR, characteristics that were
found simultaneously or successively in the patients investigated by our studies.

The study carried out analyzed the lupus patients with a hematological pathology, confirmed
by a hematologist and the patients who did not manifest a pathology of the hematopoietic sys-
tem. Through clinical and paraclinical examination of the hematopoietic system of the patients
with SLE from the selected group, we deduced that the disease can affect the hematopoietic
system at any level, but has a predilection for these types of ailments: anemia, leukopenia,
lymphopenia and thrombocytopenia.

In our study, the number of hematological syndromes has correlated positively with the high
score of the SLAM index and the SLICC/ACR score, which suggested that more hematological
manifestations could be associated with the high activity of the disease and can predispose to a
further organ lesion. Nevertheless, some hematological events in SLE may only be the clinical
presentation, persistent even at a low activity of the disease, without specific serological markers.

According to the investigational objectives, we analyzed the possible relations between the clini-
cal manifestation, the activity of the process and the organ lesion. The results of the research
under this aspect have estimated that the evolution of the hematological manifestations depends
on the activity of the lupus process. The impact of these on the organ lesion index and the quality
of life was recorded. The index of organ lesion becomes higher with the display of hematologi-
cal events: anemia, leukopenia, lymphopenia and thrombocytopenia, which lower the patient’s
quality of life significantly. Despite the frequent hematological manifestations in SLE, there are
no specific clinical or paraclinical tests for the diagnosis of the implication of the hematopoietic
system in SLE, and there are also no specific clinical or paraclinical tests for the diagnosis of the
implication of the hematopoietic system in the disease evolution, all these imposing the neces-
sity of further research and the imperative demand for finding specific biomarkers for anemia.

With the purpose of establishing the importance of the reduction of erythropoietin level as a
hypothetical biomarker that is associated with hematological disorders in lupus, particularly of
the anemia of the chronic disease, we stratified the values depending on the obtained results.
We examined the level of erythropoietin in 57 patients from the study group, in 3 of whom other
types of anemia were found, 20 presenting iron-deficiency anemia of different degrees and 34
patients had the anemia of the chronic disease. Continuing the analysis of the presented data,
we discovered that in 43 patients the level of the researched index was subnormal —between
1.12 and 3.22 pIU/ml. In 20 patients, the level of erythropoietin was estimated as normal and
the diagnosis emitted —iron-deficiency anemia. We overlapped our records with the results in
recent literature and we affiliated towards the principle that the level of erythropoietin may be
useful in detecting the anemia in lupus. According to the data of Schett (2010) [3], the low titer
of erythropoietin correlates with the anemia of the chronic disease in lupus, and the data only
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confirmed this statement. All of the findings support the opinion that these patients require a
dynamic evaluation and monitoring.

Calculations for the total doses of corticosteroids, also named cumulative dose, preoccupied
us into relating it to the involvement of the hematopoietic system in the lupus process. The
cumulative dose of corticosteroids was calculated according to the prednisolone dose admin-
istered orally throughout the disease, also including the pulse therapy. The cumulative dose,
as is known, not only increases during the disease but also includes the pulse therapies which
imply the administration of high doses of corticosteroids—1500 to 3000 mg (1.5-3.0 g) in a
single cure or the programmed pulse therapy with a dose of 500 mg monthly. We divided
the patients according to the quantity of corticosteroids administered and we considered the
quantity below 5 g as a low dose, between 5 and 10 g as a medium dose and higher than 10 g as
a high dose [11]. After the summary dose of corticosteroids, our patients accumulated mostly
medium and high doses of corticosteroids—above 5 g. We did not detect a correlation of the
doses of corticosteroids with the disorders of the hematopoietic system in the group of study.

According to the outlined objectives, we were motivated to analyze the damage to the
hematopoietic system in accordance with the criteria for SLE elaborated by ACR (1999). The
analysis of the results obtained shows a large and diverse specter of hematopoietic system
implications in SLE. Of 86 patients examined in the study, the hematopoietic system impli-
cation and more precisely anemia were present in 59 (68.6%) patients. At the same time, the
same patient may develop one or more hematological syndromes. Our data correspond to the
data of the recent scientific methods dedicated to the assessment of the anemia in the context
of lupus, including those reported by the cohort study carried out on 345 patients under the
supervision of Voulgares and Kokori (2000) [23], which reported the clinical incidence of
hematological manifestations in 38.4% of the patients.

From this study of reference, we ascertained that the most frequent hematological syndromes
were the anemia of chronic disease—37.1% cases (39.5% in the patients examined by us), iron-
deficiency anemia—35.6% (versus 23.2% in our study), followed by autoimmune hemolytic
anemia— 14.4% and other types of anemia—12.9% cases. According to these results we observe
similarities between the frequency of the hematological syndromes detected in the patients
from the study of reference and those enrolled in our study.

Therefore, the diversity of hematopoietic system damage reveals the indubitable value of
applying the criteria developed by ACR (1999) for evaluating the patients with SLE.

Continuing the research on this subject, we insisted on the thorough approach of anemia as
a form of hematopoietic system affliction in SLE. Anemia and other hematological disorders,
such as leukopenia, lymphopenia and thrombocytopenia, are still a challenge for the diagnos-
ticians for reasons which include the fact that they could be either a direct manifestation of
SLE or a secondary response to a chronic disease that affects the quality of life.

We tried to assess the indexes important for SLE in the patients without anemia tied to lupus
and in those with the anemia of chronic disease. From the data reported before, it can be
derived that the average age of onset in the patients without anemia was 34.73 years, whereas
in the patients with anemia of chronic disease was 37.2 years. The patients with anemia of the
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chronic disease also had been sick for a longer period of time—123.4 months compared to
those without anemia—80.6 months. It has been determined that the accentuation of anemia
happens during the disease. According to the activity of the disease appreciated through the
SLAM index, it was established that the patients with anemia of chronic disease had the high-
est activity of the disease—22.6 points, whereas those without hematological manifestations
showed a moderate activity—15.8 points. The index of organ lesion: SLICC was highest in
patients with anemia of chronic disease showing values of 1.6 points qualified as an index of
moderate organ lesion compared to the first group where the SLICC index was 0.5 points. Our
data correspond to those affirmed in a study of reference, Vila (2009) [23] which reveals that
anemia and other hematological syndromes occur on the background of active SLE and are
associated with a longer age of the disease as well as the organ lesions are more emphasized.

According to the outlined objectives, we evaluated the parameters regarding the patient’s quality
of life using the SF-36 score. The SF-36 accumulated values were 61 points in the patients without
anemia and 41 points in the patients with moderate and severe depression; this being interpreted
as a sign of a significantly reduced quality of life. An important study of reference carried out
by Stoll (2009) [13] was dedicated to evaluating the quality of life of the patients with SLE and
anemia. This study reveals a suggestive detail such as the fact that the routine assessment of the
quality of life of the patients with SLE may facilitate the early detection of anemia.

Of course, we were also tempted to analyze the predictors of a reserved prognosis for the
patients with SLE who during the disease develop a large variety of hematological syndromes
that have an impact on the quality of life. After the analysis of our own data, we cataloged as
such the manifestations of renal lesion, thrombocytopenia and a high level of anticardiolipin
(aCL) antibodies presented in the patients with SLE and their role in inducing or associating
hematological syndromes.

The analysis of diverse clinical manifestations in the hematological lupus was necessary
because the persisting clinical indexes may pass on into the class of risk factors. Despite the
fact that the paraclinical signs are included in the diagnosis criteria, we analyzed the cases
included in the study group by stages. The study carried out by us detected high titers of anti-
dsDNA in both groups but only in 6 (23.0%) of the patients without anemia and 56 (94.9%) in
those with anemia. Given the fact that aCL (anticardiolipin antibodies) is an index associated
with disorders of the hematopoietic system, the analysis of the level of aCL antibodies, Ig and
IgM, in the two groups of patients with lupus was a priority. It is to be remarked that in both
groups the patients had high levels of anticardiolipin (aCL) IgG antibodies, but in the group
without hematological lesions, their frequency was 22.2%, whereas in the patients with hema-
tological lupus it was 28.8% (p > 0.05). Continuing the examinations under this aspect, we
detected anticardiolipin (aCL) IgM antibodies in 1 (3.7%) patient who did not develop anemia
and in 4 (6.8%) patients who manifested anemia; the data obtained in our study being similar
to those in a retrospective longitudinal study carried out by Pasero (2009) [14].

The antiphospholipid syndrome was present both in the patients without hematological
disorders—8 (29.6%) cases and in those with hematological disorders—in 15 (25.4%) cases.
Besides, the data obtained in our study coincide with those stipulated in the research carried
out globally, according to which the association of the antiphospholipid syndrome is most

183



184  Current Topics in Anemia

frequently reported in relation to the pattern of hematological events. According to the data
that analyze the presence of livedo reticularis in the patients without anemia, we discovered 4
(25.9%) of such cases, and in those with anemia this characteristic of the disease was signaled
in 21 (35.6%) of the cases. Thereby, we conclude that the presence of livedo reticularis in the
study carried out by us was associated to hematological manifestations and may be consid-
ered a factor that implies the risk of hematopoietic system affliction in the patients with lupus.
Recent investigations report the presence of Raynaud syndrome as a specific risk factor for the
development of anemia [18], but according to our data, the Raynaud syndrome was a rarely
assessed phenomenon—in 1 (3.7%) patient without anemia and in 4 (6.8%) of those who did
not develop anemia.

We intended to use valid instruments for the assessment of the quality of life in the patients
with SLE. For this purpose, we applied the SF-36 questionnaire in its short version (short
form-36). SF-36 is a brief way of testing but in the special literature there are also other sets of
indexes used for reflecting the quality of life such as SF-20. According to the literature data, the
SF-36 questionnaire possesses the capacity to evaluate the patients with lupus exhaustively —
a quality for which we preferred it in evaluating the impact of the hematopoietic system afflic-
tion on the quality of life of the lupus patients. The low quality of life of these people both by
the mental health and the physical health, predominantly the physical one conditioned by the
hematopoietic system afflictions in 35.6% of the cases. We compared our results with the data
presented by Harley and Urowitz (2010) [22, 27], which indicate both the implication of the
mental component and the physical one in determining the quality of life of the patients with
hematopoietic dysfunctions on the background of lupus.

The data obtained by us after carrying out the study detected similar results with those reported
by Harley (1989) [22], especially the ones referring to the vitality domain, physical function,
general health and pain, but there were differences regarding affectivity and social function.

We analyzed comparatively the patients with anemia by means of the disease activity index,
the organ lesion index and the impact of these on the quality of life. Our results were similar
to those obtained in the study done in parallel with ours and recently emitted by other teams
of researchers in the world [23], who confirmed that the quality of life index is inversely
proportional to the activity of the disease and the organ lesion index for the patients with
anemia.

Another study of reference carried out by Nossent and Locatelli (2004) [7] was dedicated to
the interrelations of different dimensions and subscales of the generic questionnaire SF-36.
Both our data and those from the study of reference denote the prevalence of low scores
(<50 points) among the patients with SLE. In contrast to our data, the patients enrolled in
the study by Moitinho (2011) [11] accumulated even higher scores—between 81-0 and even
91-100, which were not observed among our patients. Thus, the data provided by the SF-36
questionnaire attest the impact of the hematopoietic system dysfunctions in SLE on the qual-
ity of life, most of all through the development of major hematologic syndromes, by affecting
all the criteria which characterize it. The low scores among the patients without hematological
afflictions invoke that the chronic disease itself implies an important role in the patient’s life,
the patient being often forced to review some aspects of their daily life, including some in
regard to social relations and professional preoccupations.
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Even if it is insistently approached in several scientific centers, recognizing the hematological
manifestations in the early stages of lupus still remains a challenge for the clinicians. Correctly
attributing the hematological syndromes to those caused by the primary disease or to those
that present as a reaction to suffering from a chronic and incurable disease or to the adverse
reactions to medication or to some metabolic dysfunctions still remains a diagnostic dilemma
[5, 13]. Because the physiopathology of these clinical manifestations is not fully elucidated,
they cannot be attributed unequivocally to anemia.

An important moment and a problem with a difficult evolution are the subclinical manifesta-
tions of the hematopoietic system implication in SLE, which require an early identification
and a gradual therapeutic intervention in order to improve upon the further disabilities of the
patients. In this connection, the lack of a consensus in regard to the application of different
hematological tests with a different potential of sensibility makes its mark. In the absence of a
diagnostic standard and potential specific biomarkers for the hematologic affliction, various
serological explorations and laboratory investigations are used to support the clinical diagno-
sis. The results of our study confirm this situation.

Our data correspond to those reported by Bertoli et al. LUMINA LI (2007) [20] and reveal
that anemia is strictly associated with the activity of the disease and the organ lesion index
both at the disease onset and during its evolution; this association being even closer than that
with the anti-dsDNA antibodies. Moreover, anemia is associated with several clinical mani-
festations including, but not only, those that reflect a more severe disease such as the neuro-
psychiatric or renal implication. Ideally, the biomarkers have to be standardized and vastly
applied especially when the hematocrit assessment is an easy and accessible test and can be
considered a cheap indicator of the disease evolution, which allows the clinicians to anticipate
the intermediary and long-term consequences of the lupus infection [22].

In our study, the relevance of anemia (independently of its cause) was estimated as being both
a short-term prognostic factor (the activity of the disease) and a long-term (lesion index) prog-
nostic factor for the evolution of the disease. The estimated data in the lupus patients with
anemia corresponded to those reported in the special literature and invoked the necessity of the
improvement of early exploration, including through raising the awareness of the rheumatolo-
gists and the cooperation with the general practitioner, the hematologists, etc., who could advis-
edly get involved in the early detection of hematological dysfunctions, because through their
improvement with specific methods, it is possible to maintain a long-term good quality of life.
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Abstract

Hemolytic anemia results when red blood cells (RBCs) are destroyed prematurely by a
number of agents. Obligate intracellular parasites like the Plasmodium species proliferate
by infecting RBCs, growing through different stages of their life cycles, expanding their
population to unsustainable numbers and eventually rupturing the cell membranes in
order to transmit and infect new RBCs. In this manner, more RBCs are infected by the
parasites and destroyed together with some nonparasitized cells. Membranes of RBCs are
altered and deformed by parasite antigens expressed on the surfaces of both parasitized
and nonparasitized cells, which lead to their premature phagocytosis and destruction by
the reticuloendothelial system. Parasites and the hemoglobin waste products produced
by them are released when the RBCs burst. Activated leukocytes take up the hemoglobin
waste (hemozoin which is a polymerized heme), which stimulates the innate immune sys-
tem leading to the synthesis and secretion of pro- and anti-inflammatory cytokines, che-
mokines, growth factors and mediators. Together with the destruction of RBCs in malaria,
imbalance between pro- and anti-inflammatory events results in the modification of ery-
throid cell proliferation leading to severe malarial anemia (SMA) and other pathophysiol-
ogies of malaria. While current malarial management is targeted at the destruction of the
parasite, it is the malaria-related pathophysiology (disease aspect of malaria) like severe
malarial anemia that results in the high malaria morbidity and mortality. Antidisease
approaches promise to be more effective at malarial management. Triterpenes with anti-
oxidant, pro-oxidant, anti-inflammatory and antiparasitic effect show effects at retarding
and abrogating severe malarial anemia. Asiatic acid, amongst other triterpenes like olea-
nolic acid, masilinic acid administered through oral or transdermal route improves severe
malaria anaemia providing promise in the management of malaria pathophysiology.

Keywords: malaria, severe malarial anemia, Plasmodium falciparum, pro-inflammation,
anti-inflammatory, antidisease, cytokines, chemokines, growth factors, rhoptry protein
ring surface protein 2, tumor necrosis factor
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1. Introduction

Anemia remains one of the most obdurate diseases affecting the general public in Africa
where it contributes close to a quarter of the continent's nutrition-related Disability Adjusted
Years (DAILY's) lost for the past decade and half [1]. There are several causes of anemia with
micro-nutrient deficiencies, iron deficiency and parasitic infections contributing a major share
in Sub-Saharan Africa [2]. Among the parasitic infections that contribute to global anemia,
malaria, schistosomiasis and soil transmitted helminth (STH) compose a considerable disease
burden in school children in developing countries [3]. There is a similar geographic distri-
bution and polyparasitism of Plasmodium falciparum, schistosomiasis and STH infections in
different epidemiologic settings in Africa that has been observed to date, with considerable
contributions to anemia [4, 5]. With many factors contributing to anemia in general, estab-
lishing the relative contribution of malaria to anemia is complex, as malarial anemia is more
frequently present in combination with other conditions.

The multifactorial causes of anemia make the disease a continuous and nagging problem to the
human populations in different parts of the world, more so in the underdeveloped and developing
world. The disease burden contributed by anemia had been projected to decrease worldwide in this
century; however, signs on the ground seem to portray a different picture altogether. Hemoglobin
(Hb) concentrations are used for the diagnosis of anemia and assessment of its severity.

Anemia can be defined, generally, as a decrease in Hb and related hematologic indices accord-
ing to the individual's age, gender, physiologic state and geographic location [6].

In pregnant women, premature labor with low birth weight babies may be caused by ane-
mia [7, 8]. Small for age live birth infants, still births and high perinatal maternal and infant
mortality are all common features of anaemia [9]. Anemia caused by nutritional inadequacies
may result in stunted growth and underweight infants that predisposes to several infectious
and noninfectious diseases of childhood [10] and has a phenotypic presentation with chronic
severe malarial anemia (SMA).

2. Definitions of severe malarial anemia

Severe malarial anemia (SMA) is defined by an Hb concentration of <5 g/dl or a hematocrit
of <15% in children <12 years of age (<7 g/dl and <20%, respectively, in adults) together with
a parasite count >10,000/ul, which distinguishes it from other diseases with similar presen-
tations. Besides malnutrition, human immunodeficiency virus (HIV), schistosomiasis, soil
transmitted helminth (STH) as causes of anemia, Plasmodium infections (malaria) contribute
a major portion of the debilitating illness to the global disease burden [11]. SMA is a compli-
cation of severe malaria, which results from infection caused by the apicomplexan protozoan
parasite of the genus Plasmodium. The Apicomplexa (also called Apicomplexia) are a large
phylum of parasitic alveolates. Most of them possess a unique form of organelle that com-
prises a type of plastid called an apicoplast and an apical complex structure. The organelle is
an adaptation that the apicomplexan applies in penetration of a host cell.
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Any of the complications such as severe malarial anemia, significant bleeding, shock (com-
pensated or decompensated), nonrespiratory acidosis and hypoglycemia can develop rapidly
and progress to death within hours or days [12, 13].

Severe malaria is differentiated from other conditions by the demonstration of asexual forms
of the malarial parasites in the blood in a patient with a potentially fatal manifestation or
complication of malaria such as SMA in whom other diagnoses have been excluded. Even
though the complications have been considered to be almost unique to P. falciparum infec-
tion, in recent years, many cases of severe malaria, including deaths, have been reported in
Plasmodium vivax and Plasmodium knowlesi malaria. The case fatality of P. falciparum malaria is
around 1%, and this accounts for more than half a million deaths per year all over the world,
in which 80% of these deaths are caused by cerebral malaria. The incidence of complications
and deaths due to the other two types is much lower.

Pregnancy anemia or maternal anemia is defined by an Hb of <110 g/L (11 gdL) and a hema-
tocrit less than 31% [14]. In malaria, these values tend to be extremely low making SMA a
critical clinical emergency in pregnancy and infancy where it displays distinct physiologic
and morphologic characteristics between the two groups.

SMA threatens to kill the next generation. In the pregnant women and children <5 years,
malarial infection develops into a fatal SMA more often than in any other population group
due to reduced immune protection. This trend is also seen in malaria of endemic areas where
natural immunity is supposed to develop over time due to higher exposure to the reinfection.

There is an increased demand for RBC synthesis in pregnancy, and the intrusion by the
parasite creates a dilemma from decreased efficiency of nutrient utilization. Under reduced
immunity, parasitemia increases persistently, resulting in increased level of parasite toxins
that inhibit bone marrow functionality. The anti-immune response of pregnancy is meant to
protect the fetus from autoimmune destruction. The same scenario is observed in SMA dur-
ing infancy; however, the cause of reduced immunity in this case is from immature immune
system activation and reduced maternal immunoglobulins.

Compounding the disease prevalence are factors such as parasite virulence, parasite-host
interactions, host characteristics, and socio-economic conditions that play out an intricate
web resulting in SMA. The production of pro-and anti-inflammatory cytokines, certain
genetic traits, a or B-thalassemia, Duffy (Fy) blood groups and sickle cell traits remain the
most common predisposing host factors to SMA. Malarial parasite species, disease endemics,
Plasmodium multiplication rates, drug resistance and antigenic polymorphism all contribute
to parasite factors that lead to SMA.

3. Malarial anemia etiology

Approximately 30-40% of deaths caused by P. falciparum are associated with SMA development.
The multifactorial causes of SMA range from increased removal of circulating parasitized and
nonparasitized red blood cells (pRBC's and npRBC's) to reduced synthesis of erythrocytes in
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the erythroid germinal centers. While the molecular mechanisms underlying the SMA remain
obscure, malarial parasites' ability to remodel RBC's morphology and physiology through ligands
found on both the parasite and RBC's membrane has been investigated in the past few years.
Immunologic mechanisms associated with malarial pathophysiology seem to be more effective in
increasing SMA. Elicitation of immunologic and inflammatory processes by malarial parasite anti-
gens and immunokines plays a major role in the complex milieu that results in SMA. Coinfections
with other parasites may increase SMA susceptibility as they aggravate malaria-associated
inflammation. A normocytic and normochromic RBCs' morphologic appearance is a common
presentation of anemia in malaria, which is characterized by the absence of spherocytes and schis-
tocytes although there may be abundance of fragmentocytes and eliptocytes typifying increased
hemolysis. High frequencies of hemoglobinopathies and iron deficiencies in areas of high malarial
prevalence may change the picture to microcytytosis and hypochromasia [15].

Severe malarial anemia displays inadequate reticulocytosis in the presence of the anemia sig-
nifying that there is reduced synthesis of RBC's and not just increased hemolysis. In malaria,
hematocrit gradually decreases, after an apparent initial steady state even with the onset of fever,
showing either an increase in reticulocytosis or an absence of hemolysis within the first 24 h after
infection. The decrease in hematocrit is independent of treatment initiation and may even occur in
the absence of overt parasitemia on peripheral blood films, blood transfusion and adequate anti-
malarial treatment. In P. falciparum, parasite sequestration in the microvasculature may account
for the parasite-negative peripheral blood smears accompanying decreasing hematologic indi-
ces. These parasites continue to shed soluble antigens, hemoglobin metabolites and derivatives
that drive various syndromes of malaria like SMA. This may explain the continued decline in
hematologic indices despite the evidently low parasitemia and the malarial anemia pathogenesis,
which implicates bone marrow dysfunction as displayed by low reticulocytosis [16, 17]. When
Hb decreases, the normal body physiology upregulates the bone marrow erythroid progenitors
and reticulocytes are increased as an indicator of this process. Failure to increase immature red
blood cells in circulation during overt anemia states indicates dyserythropoiesis and/or ineffec-
tive erythropoiesis associated with the myeloid progenitors' proliferation, which is common in
malaria. Bone marrow suppression of the erythroid blast cells has been evidenced in children
exposed to multiple reinfections, receiving inadequate treatment or experiencing treatment
failure that tend to become asymptomatic during acute P. falciparum infections showing partial
immunocompromised state [18] against an expected hyperimmune reactivity of an inflammatory
condition like malaria. Inadequate erythropoietin production or effectiveness, the effect of the
inflammasome on erythropoiesis, concomitant parasitic and bacterial infections contribute to the
complex milieu culminating in SMA as well. Red blood cell membrane modifications by attached
parasite ligands remodel the cells to a phenotype tagged for destruction through phagocytosis.

4. Effects of parasites on cell membranes leading to severe malarial
anemia

Anemia is described as a decrease in Hb concentration, which is directly related to RBC's mass
within the circulation. Infection with P. falciparum, which is associated with a rapid develop-
ment of SMA, is also known to influence pRBC's sequestration in the microvasculature of
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different tissues and organs that include skin, lung, gut, muscle, heart, and brain. Parasitized
RBCs are commonly sequestered from circulation together with npRBCs that carry parasite
antigens. Rosetting (aggregation of pRBCs into rings of four or more cells) and agglutination
(combining of pRBCs and npRBCs to form clumps) are common phenomena that occur due
to ligands that are found on the surfaces of pPRBCs and npRBCs, which result in reduction of
freely circulating RBCs and eventually on RBC's mass and Hb concentration. Cytoadherence
of pRBC's to the microvasculature, rosetting and cell-cell agglutination are processes facilitated
by several ligands of P. falciparum trophozoites and schizonts. These pRBC’s surface protrud-
ing molecules cause pathological cell-cell communication. These ligands such as P. falciparum
erythrocyte membrane protein 1 (P/EMP-1) [19, 20] enable pRBCs to bind to endothelial cell
(EC) receptors, e.g., leukocyte differentiation antigen CD36, intercellular adhesion molecule 1
(ICAM-1), integrin, chondroitin sulfate and hyaluronic acid [21].

Some of these ligands are necessary for the formation of the host cell-parasite connection,
which allows invagination of the erythrocyte bilayer leading the parasite engulfed into the
RBC. As a result, an intracellular parasite vacuole is formed and provides an environment for
parasitic multiple stage growth. During the process of parasite-protein-mediated internaliza-
tion as well as during the intracellular proliferation, several other parasite proteins bearing a
host-targeting (HT) or plasmodial expert element (PEXEL) are also exported into RBCs [22, 23],
providing a myriad of host cell-parasite communication paradigms.

Intracellular proliferation and parasite antigens release cause considerable reduction in RBC
membrane stability and alters cell surface characteristics leading to eventual pRBC’s mem-
brane rupture. The ability of RBCs to change shape allows them to pass through the spleen fil-
tration mechanisms. Infection in the cell membranes causes them to be more rigid and unable
to change shape when passing through capillaries and become prone to phagocytosis and
hemolysis.

Some of the exported parasite ligands adhere to the membranes of npRBCs. Parasite ligand
deposition on npRBC's tags these cells and pRBCs for rapid reticuloendothelial system
pooling and sequestration by the spleen, which removes them from circulation resulting in
SMA. Cytoadherence and auto-agglutination, emanating from the various ligand-epitope
interactions, also removes a considerable amount of cells from circulation exacerbating
SMA. Reduced RBC's flexibility occurs with a very few ligands being found on the surface of
the cells reducing the half-life of such marked cells. However, such tagging only occurs on a
subset of erythrocytes to account for the rapid setting of SMA encountered in malaria mean-
ing that host cell-parasite ligand interactions along with other mechanisms play profound
role in the creation of overt SMA.

5. Host cell-parasite ligand interactions and severe malarial anemia

The interaction between host cell and parasite ligands is a complex process of an inefficient inva-
sion mechanism that may be completed in a small fraction of infection-targeted RBCs. As a result,
many ligands need to be secreted and shed off into plasma resulting in many of these pRBC-
adhesive proteins being present in high concentrations in plasma. These free molecules adhere to
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npRBCs triggering IgG and complement binding. Subsequently, cells binding immunoglobulin
(Ig) and complements are cleared from circulation through phagocytosis by macrophages and
hemolysis. This results in a critical hemoglobin reduction. Furthermore, HT/PEXEL-containing-
proteins are released into plasma from pRBCs and adhere to npRBCs. These processes are
repeated over and over again as the parasite intracellular cycle ends, concomitantly increasing
the disease. Aberrant signaling circuits are also increased in the affected cells heralding their
apparent need for removal from circulation by macrophages and exacerbating SMA.

Parasite proteins in rhoptries and merozoites surface membranes are candidates associated
with SMA development. Merozoites are blood asexual forms of the parasites that are released
in the circulation when pRBC’s ruptures. As these parasites are intracellular, they invade new
cells for the continued propagations of more asexual and sexual forms. To execute invasion,
the parasite aligns its apical surface to the surface on RBCs. Rhoptries are structures protrud-
ing from the parasites. The merozoite uses the rhoptry proteins for anchoring on the surface
of the RBC targeted for invasion. During the invasion processes, merozoites use rhoptries,
which are also secretory structures on the merozoites apical end, to release their contents at the
junction between the parasite and the erythrocyte. The P. falciparum proteins such as rhoptries
secretory protein-2 (RSP-2) or rhoptries-associated protein-2 (RAP-2) have been found to be
located at the surface of pRBCs as well as on npRBCs [24]. The presence of these proteins on
the surface of npRBCs is possibly a result of failed invasion or when they adhere to the sur-
face of these cells, they shed off from the merozoites into the plasma. Specific antibodies then
opsonize the adhered RSP-2/RAP-2 complex accelerating complement-mediated RBC's lysis as
well as macrophage uptake of targeted npRBCs [25]. In this way, the parasite is able to facilitate
hemolysis of both npRBCs and pRBCs without necessarily entering the cell (Figure 1).

5.1. Parasite rhoptry protein ring surface protein 2 (RSP-2/RAP-2) and severe malarial
anemia

It has been shown that the parasite RSP-2 not only tag npRBC's surfaces, but it extends to
erythroid precursor cells in the bone marrow (BM) eliciting SMA [26] (Figure 1). The RSP-2
is transferred to the surface of the host cell around the site of contact with the merozoite.
Gradually, the protein spreads over the entire surface of the cell by slow, lateral movements
in both the npRBCs and pRBCs, leading to their premature identification and destruction by
the reticuloendothelial system. P. falciparum-infected individuals respond to the infection by
increasing the proliferation of phagocytic macrophages and their activity on tagged RSP-2
npRBCs and pRBCs.

There are other nongross RBC’s membrane abnormalities that result in RBC’s clearance in
addition to adhesive-interacting ligands, RSP-2-antibody phagocytosis and complement acti-
vation. These changes are not observable by the light microscope as there are no obvious
cell membrane morphologic abnormalities that have been noted. The subtle changes are due
to oxidative damage of cell membranes, phosphatidylserine (PS) externalization or expo-
sure and reduced deformability, which contribute to increased RBC's clearance leading to
SMA. The involvement of ligands in RBC's clearance is mediated through stimulation of the
inflammasome and its role in erythropoiesis in malaria [27].
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Figure 1. Proposed model of dysregulation in innate immune responses in severe malarial anemia. Based on
concomitant measurement of innate inflammatory mediators (using multiplex technologies) in children with varying
severities of malarial anemia, a model to describe how dysregulation in innate inflammatory mediators promotes
suppression of erythropoiesis in children with SMA was developed. Phagocytosis of hemozoin (PfHz) by monocytes
causes of altered production of innate inflammatory mediators. Elevated inflammatory mediators are shown with an
arrow facing up against text, those that are decreased in children with SMA are shown with arrow facing down. Solid
lines indicate positive (+) signalling (upregulation), whereas dashed lines indicate suppression (-) (downregulation).
Children with SMA have decreased levels of IL-12 in response to ingestion of parasitized red blood cells (pRBC) and/
or hemozoin by monocytes. Suppression of IL-12 in children with SMA is due to PfHz-induced IL-10 over-production.
TNF-a can induce PGE2 and nitric oxide (NO); however, these effector molecules are suppressed in children with
SMA. Suppression of PGE2 allows over-production of TNF-a, which is associated with enhanced SMA severity. MIF
is suppressed in children with falciparum malaria, which is associated with phagocytosis of PfHz by monocytes and
enhanced SMA severity. Levels of IFN-a, IL-18, RANTES and SCGF are decreased in children with SMA. Reduced
production of innate inflammatory mediators, along with increased TNF-a, IL-6, MIP-1a and MIP-B, likely contributes
to the development of SMA by suppressing the erythropoietic response. Reduced NO and reactive oxygen species
(ROS) generation in children with falciparum malaria may promote ineffective parasite killing and, thereby, prolong
parasitemia, and children with malarial anemia have elevated levels of NO and ROS that can directly inhibit
erythropoiesis (adapted from open access source: Perkins et al. [27]).

Despite massive RBC's destruction in malarial infection, there is also a delayed compensa-
tion of RBCs in overt anemic individuals due to defective erythropoiesis. Acute infection in
children shows a picture of normal to small erythroid precursors in bone marrow (BM). There
is considerable change noted on the erythroid cells morphology in malaria induced anaemia.
These include multinucleated erythroid cells, karyorrhexis, incomplete or unequal mitotic
divisions, intercytoplasmic bridges and cytoplasmic budding. A higher proportion of the
erythroid progenitors are held in G, phase in SMA as compared with healthy individuals.
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RSP-2 has been observed to be transferred to erythroid precursors only when there has been a
direct contact with merozoites, in vitro. In vivo, these proteins are also known to be tagged to
these cells [28]. Subsequently, erythroid precursors tagged with RSP-2 are destroyed through
complement activation and cytokine oxidative stress linked apoptosis processes.

Noteworthy is that colony-forming units (CFU's) and other stages of the erythroid lineage
suffer the same fate in the presence of cytophilic antibodies accounting for their reduced num-
bers in SMA. The antibody-RSP-2 complex on the surface of erythroblasts triggers the decline
of these cell lines through phagocytosis or morphologic alterations observed in erythroid cells
in the BM and the mediators of this process are closely linked to the inflammasome in SMA.

In addition to the described BM involvement in SMA, studies in Gambian children have dem-
onstrated that SMA was defined by erythroid hyperplasia with dyserthropoiesis and a hyper-
cellularity with an inefficient reticulocyte production index (RPI) [29] shown as <2.0. RPI is a
measure of the extent to which the reticulocyte count has risen (or not) in response to the level
of anemia, which indicates that SMA is the result of erythroid suppression [30], arbitrated by
inflammatory molecules. Concomitant erythroid hyperplasia and reduced RPI signifies a cel-
lular maturation check point or bottleneck that is introduced in SMA.

6. Severe malarial anemia and the inflammasome

Inflammation is a process that tends to control the proliferation of hostile entities and foreign
bodies when the physiologic aspect of the body is invaded by pathogens or when there is a
physical injury at both macroscopic and microscopic levels. The inflammasome is composed,
among other mediators, of both pro-inflammatory cytokines typically denoted as T-helper
cells type 1 (Th1) and anti-inflammatory cytokines denoted as T-helper cells type 2 (Th2),
which tend to counteract each other into a balance state under normal physiologic states.
SMA in children shows a close relationship of the disease with an imbalance between the
Th1 and Th2 cytokines and chemokines (Figure 1). In an attempt to control parasitemia, the
host releases an array of pro-and anti-inflammatory cytokines, chemokines, growth factors,
and effectors as part of a wholesome innate immune response. Depending on the timing and
magnitude of the inflammatory response to the infection and release of the cytokines, para-
sitemia may be controlled successfully or uncontrolled parasitemia may cause imbalance of
the inflammatory milieu with damage to the host and suppress the erythropoietic response
[30].

Understanding the context in which inflammatory response to malarial infection culminates
in SMA involves a close scrutiny of the microenvironment in which the cellular components
and mediator interact. The process by which erythroid progenitors proliferate and differenti-
ate into non-nucleated reticulocytes in the BM is called erythropoiesis. Erythroblastic islands,
where erythropoiesis takes place, are specialized cellular niches composed of a central mac-
rophage surrounded by erythroblasts in which cells proliferate, differentiate and enucleate
[31]. The pro-erythroblast, which goes through four mitotic cycles, is the earliest recognizable
erythroblast that gives rise to reticulocytes. Basophilic polychromatic erythroblasts give rise



Severe Malarial Anemia (SMA) Pathophysiology and the Use of Phytotherapeutics as Treatment...
http://dx.doi.org/10.5772/intechopen.70411

to orthochromatic erythroblasts, which expel their nuclei to generate reticulocytes. The well-
coordinated mechanism is characterized by a decreased cell size, more condensed chromatin
material, progressive hemoglobinization and marked membrane organizational alterations.
The role of various cytokines and chemokines in the regulation of erythropoiesis is revealed
by the intimate interaction of the myeloid progenitors, macrophages and erythroblasts during
RBC's production.

The erythroid hyperplasia seen in SMA excludes erythropoietin deficiency as a cause of
inadequate erythropoiesis of malaria intimating that the aberrant inflammatory response
mounted by the cytokine milieu as the culprit. Associated with the hypercytokinemia is the
ingestion by neutrophils, monocytes and macrophages of the inflammatory mediator hemo-
zoin (Hz, a parasite-derived polymerized heme), which is known to influence the dysregula-
tion of inflammatory responses through synthesis of a number of cytokines with subsequent
induction of SMA [32]. P. falciparum Hz (PfHz) is a brown/black pigment that accumulates in
phagocytic cells in the BM, which is formed during the intraerythrocytic asexual replication
cycle when P. falciparum metabolizes host Hb as a source of amino acids [33]. During the for-
mation of the insoluble PfHz, toxic iron-rich heme known as ferriprotoporphyrin IX (FP-IX) is
aggregated by heme polymerase. The engulfing of PfHz is a good indirect measure of seques-
tered parasite burden, recent schizogony, disease severity, decreased hematocrit and degree
of erythropoiesis suppression in children with P. falciparum-induced SMA [34, 35].

The phagocytozed PfHz triggers the innate immune response through the toll-like receptors
(TLR's) [36] with downstream cytokine elicitation promoting RANTES suppression by a path-
way involving IL-10 [37].

When and how much of interleukin 12 (IL-12), interferon gamma (INF-y) and tumor necro-
sis factor alpha (TNF-a) are released is critical to minimize and preserve erythropoiesis.
Activation of this pro-inflammatory cytokines elicitation should be timely abrogated by type
2 cytokine IL-10, transforming growth factor beta (TGF-{3) and IL-4 to avoid host damage by
the inflammatory process [38]. TNF-a is critical for parasite killing and prevention of para-
site replication directly as well as through macrophage migration inhibitory factor (MIF) and
through nitric oxide synthase type 2 (NOS2-inducible nitric acid synthase) and generation of
nitric oxide (NO), which kills parasites directly [39]. Inflammatory responses are commonly
exacerbated by the TNF-a induction of cyclooxygenase-2 (COX-2), which drives prostaglan-
din E synthesis (PGE) with subsequent generation of malarial symptoms such as fever, head-
ache, nausea, vomiting, diarrhea, anorexia, myalgia and thrombocytopenia [40, 41].

During the early phases of malarial infection, natural killer cells, ap-T cells and regulatory
v0-T are activated to produce IFN-y [42], a prototypical type 1 cytokine for childhood malaria
[43]. Individuals who produce IFN-y from monocytes when immunized with asexual malar-
ial parasites are able to resist infection by P. falciparum as has been seen in West Africa, Mali,
Burkina Faso and Sudan as well higher Hb concentration and reduced prevalence of SMA are
observed in Kenyan children challenged with pre-erythrocytic antigens [44]. Over-production
of the innate inflammatory mediators is associated with anemia, and it has been observed that
persistent macrophage activation is significantly greater in children with malarial complica-
tions through BM suppression, dyserthropoiesis and erythrophagocytosis [45].
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There is a strong alliance between the interleukins If and 1a, potent endogenous pyrogens,
which promotes inflammatory response against invading pathogens [46], with TNF-a in the
enhancement of NO and IFN-y production. Sustained release of IL-1f3, as experienced in
malaria, has the potential of inducing several hematologic and immunologic anomalies with
anemia as a candidate [47, 48]. However, cytokine IL-1f5 has a protective role in certain hap-
lotypes, which are predisposed to produce higher levels of this cytokine and prevents anemia
development [49].

One of the cytokines, IL-6, has been demonstrated to be increased in malaria with peripheral
blood mononuclear cells (PBMC) being the source of the increased cytokine production dur-
ing acute malaria [50]. IL-6 mediates the protective immunity against the pre-erythrocytic
phases of malaria by inducing Il and TNF-a. During the erythrocytic stage, IL-6 controls
parasitemia through boosting up specific immunoglobulin (Ig) G antibodies. However,
lack of control over parasitemia and the resulting progression toward severe disease may
explain the association between elevated levels of IL-6 and enhanced pathophysiology [27].
Macrophage migration inhibitory factor (MIF) is a ubiquitous molecule produced by T cells,
monocytes-macrophages and the anterior pituitary in response to pro-inflammatory stimuli
[27]. Notably, there is a rapid mobilization and expression of large concentrations of MIF
during acute inflammation as the cytokine is stored in preformed vesicles only to be released
without de novo gene expression.

The pro-inflammatory properties of MIF are important for both innate and adaptive immune
response in both parasitic and bacterial infections [27, 51]. In animal models, elevated MIF
concentrations have strong connexion with SMA while mice with MIF knockout gene have
less anemia and higher survival chances when infected with Plasmodium chabaudi compared
with the wild type [52]. In humans, however, there is an opposite picture of elevated MIF
protein (in circulation) and MIF transcripts (in PBMC) being connected to less severe falci-
parum malaria [53]. Fascinating is the fact that worsening SMA is linked to decreasing cir-
culating MIF concentrations as well as blood leukocytes MIF transcripts in Kenyan children.
Remarkably, MIF concentration in peripheral blood was not significantly inter-related to
reticulocyte responses in these children. Correction for age, gender and parasitemia, how-
ever, did show that elevated levels of monocyte chemotactic protein [MCP] were significantly
associated with both SMA and decreased MIF production.

Phagocytosis of PfHz by PBMC causes dysregulation in MIF production in an apoptosis-inde-
pendent manner. Consequently, PfHz presence in malaria suppresses peripheral blood MIF
production, thus enhancing severity of anemia. The intricacy by which PfHz is involved in
the malarial parasite life cycle makes it the central molecule to SMA development and other
malarial pathophysiologies. Therefore, PfHz as a heme metabolism waste product deliber-
ately synthesized by the parasite may be regarded as a long-term strategy for its survival.

Interleukin 23 is another pro-inflammatory mediator involved in conditioning the SMA
pathogenesis, which is also important in mediating anemia development in autoimmune dis-
eases [54] and chronic inflammation [55]. The subunits making up IL-23 are designated p19
and p40, and this cytokine shares a number of common properties with IL-12. Among these
characteristics is the p40 subunit, ability to bind the IL-12Rp1 receptor, release from activated
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myeloid antigen presenting cells, type 1 immune response promotion, suppression by both
IL-10 and IL-12 p40 homodimers. A striking feature observed with IL-23 is its sustained eleva-
tion when both IL-12 and IL-10 are suppressed [56]. In cultured PBMC, hemozoin induces
sustained IL-23p19 transcript concentrations for more than 72 h, whereas IL-12p40 and IL-10
transcripts rapidly decline after reaching peak at 24 h [57]. In other words, IL-23 is important
in the pathogenesis of SMA (through PfHz influence), whereas IL-12 and IL-10 play pivotal
role in the regulation of IL-23 synthesis in P. falciparum infection.

Interleukin 12 is a heterodimer protein made up of 35 and 40 kDa subunits, which is a pro-
totypical cytokine of type 1 immune response interfacing inflammation and immunity. The
main IL-12 secreting cells include dendritic cells, monocytes and B-cells, which can be acti-
vated by bacterial cell wall components, intracellular pathogens and the ligation of CD40.
By stimulating the synthesis of IFN-y and TNF-a from T-cells and natural killer (NK) cells,
IL-12 augments Th1l response to infection. Secretion of IL-12 can be promoted by several
cytokines and chemokines to include granulocyte macrophage-colony stimulating factor
(GM-CSF) and IFN-y, while others negatively regulate its production such as IL-4, IL-10,
IL-11, IL-13, monocyte chemotactic protein (MCP)-1/CCL2, and TGF-{. Reinfection with P.
falciparum and development of SMA are averted through the administration of recombinant
IL-12 together with the less efficacious chloroquine showing that IL-12 is crucial in the pre-
vention of malarial anemia and dyserythropoiesis. The protective role of IL-12 in malaria lies
in its ability to stimulate antibody production and its ability to act as a hematopoietic growth
factor. Low concentrations of IL-12 are associated with SMA through, in part, the influence
of PfHz phagocytosis that influences upregulation of monocyte-derived IL-10 which in turn
suppresses the IL-12p40 subunits [58].

Cytokine involvement in SMA induction includes influencing iron trafficking. Moreover,
cytokines play a critical role in the maturation of erythroid cells. Interleukin 6 (IL-6) induces
hepcidin production and expression in the liver, (a master regulator of iron trafficking),
resulting in decreased iron availability. Also well-known is the involvement of transforming
growth factor beta (TGF-) in the inhibition of erythroblast proliferation and the maintenance
of the hematopoietic stem cells (HSC) in a state of quiescence to preserve the stem cell pool
and avoid the exhaustion of the same. Neutralization of TGF-{ results in the release of early
HSC progenitors from quiescence [59].

Tumor necrosis factor alpha (TNF-a) is involved in the cleavage of GATA-1, which is a major
erythroid transcription factor. Interferon gamma (IFN-y) induces production of TNF-related
apoptosis-inducing ligand (TRAIL) by macrophages, which inhibits erythroblast differentia-
tion. This is suggestive of a critical role of these cytokines in SMA. Furthermore, suppression
of IL-12, which is strongly associated with pediatric SMA, decreases the production of IFN-y
and IFN-a. Infection induces IL-10 synthesis which in turn suppresses IL-12 associated with
hemozoin (Hz) acquisition by monocytes [58, 60].

SMA in children is, therefore, invariably associated with increased circulating concentrations
of TNF, IL-6, IL-1b, interleukin-1-receptor agonist (IL-1RA), macrophage inflammatory pro-
tein lalpha (MIP-1a) and macrophage inflammatory protein 1beta (MIP-1p) [61, 62]. What is
astonishing is the finding that prostaglandin E (PGE) and nitric oxide (NO) are suppressed in

199



200 Current Topics in Anemia

SMA even though the increased TNF level is expected to induce higher concentration of these
inflammatory mediators. However, reduction in PGE may permit over synthesis of TNF-a
enhancing anemia severity. Suppression of NO in children with SMA promotes ineffective
parasite eradication while suppressing erythropoiesis in the BM. In pediatric SMA, IL-12p70
and INF are associated with positive prediction of Hb (elevated Hb) whereas IL-2R, IL-13 and
eotaxin predict Hb negatively (favor profound anemia development) [62].

7. Pro-inflammatory (Th2) cytokines involvement in severe malarial
anemia pathogenesis

By preventing over-production of pro-inflammatory mediators, anti-inflammatory cytokines
like IL-10 render protection against SMA development. The later stages of the innate immune
response in P. falciparum infection seek to downregulate the potentially pathogenic pro-inflam-
matory responses necessary for parasitemia eradication. Severity of malarial anemia can be
predicted by the IL-10-TNF-a ration with low values associated low Hb concentration and
hematocrit. Therefore, timing of the anti-inflammatory response relative to the proinflammatory
cytokines activity and concentration has a strong influence on the malarial outcomes. Statistically
significant positive association has been identified between IL-10 in the systemic circulation and
malarial pigment containing leucocytes, indicating the regulatory role of PfHz in the develop-
ment of systemic malarial pathology when it upregulated IL-10 production (Figure 2).

Me Me

Figure 2. Chemical structure of asiatic acid. Formula C, H,C,. MW: 488.69912. (G/mole). Redox characteristics: hydrogen

307 748 5"

bond donor (HBD) 7.1 and hydrogen bond acceptor (HBA) 4.176 [79].
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Downregulation of TNF-a and IL-10, TGF-f1 (an anti-inflammatory and growth factor) tends
to protect against severe malaria in mice. Importance of TGF-f in the pathogenesis of malaria
is attributable to the cytokines that can influence the erythropoiesis either positively or nega-
tively [63]. Serum concentration of the soluble form of TGF-B1 co-receptor, endoglin (sEng
or CD105/TGF-PRIIl), is elevated significantly in children with severe falciparum infection
showing the importance of the cytokine in malarial pathogenesis and possibly SMA [64].

8. Severe malarial anemia pathogenesis and chemokines

Chemokines or chemotactic cytokines play a critical role in immune system activation, hema-
topoiesis, angiogenesis and antimicrobial activities. The chemokines” macrophage inflamma-
tory protein la (MIP-1a)/CCL3 (C-C chemokine) and the C-X-C chemokine (IL-8/CXCLS)
were the first to be investigated in acute P. falciparum malaria where a positive correlation
with parasitemia was found with IL-8CXCL3. There is a much higher concentration of IL-8 in
acute malaria that is necessary for the activation of neutrophils in severe nonfatal malaria that
may be associated with slow cure rate after malarial chemotherapy. Chemokine production
or suppression signal transduction depends on the phagocytosis of PfHz through oxidative
stress-dependent and oxidative stress-independent mechanisms [65]. In both humans and
PBMC, MIP-1a/CCL3, MIP-13/CCL4 proteins and transcripts tend to be increased in produc-
tion by the introduction of PfHz [66].

Normal T-cell expression, secretion (RANTES, CCL5) and regulated activation play a critical
role in SMA pathogenesis. Secreted by monocytes, macrophages, fibroblasts, NK and T-cells,
CD 34+ hematopoietic progenitors, RANTES protein is sequestered in platelets granules and
is released by thrombin-stimulated platelets for both innate and adaptive immune response.
Furthermore, RANTES stimulates hematopoiesis, angiogenesis, cell proliferation and devel-
opment [67]. Through PfHz-induced suppression, both RANTES protein and transcripts tend
to be decreased in malaria. Higher amount of RANTES tends to be protective against SMA
[68]. Suppression of RANTES is closely associated with inefficient erythropoiesis and malaria-
induced thrombocytopenia, which is promoted by PfHz through an IL-10-dependent mecha-
nism. In this regard, thrombocytopenia appear to be the main cause of reduced RANTES
which in turn tends to suppress erythropoiesis in SMA.

9. Role of growth factors in severe malarial anemia

Growth factors play a pivotal role in the erythropoiesis cascade. A longitudinal study of
malaria has shown that serum concentrations of granulocyte-colony stimulating factor
(G-CSF) were elevated at day 0 in complicated malaria followed by a decline to within refer-
ence interval on day 7. Significant correlation of G-CSF with procalcitonin, parasite density
and erythropoietin is a common finding at the beginning of malaria [69]. G-CSF has a nega-
tive impact on erythropoiesis, and an increased concentration of the growth factor leads to
SMA development. With high parasite density associated with elevated levels of G-CSF, the
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increased erythropoietin is a compensatory mechanism to protect against SMA development
through a mechanism driven by both hypoxia and oxidative stress common in complicated
malaria [70]. While G-CSF promotes erythropoiesis, it acts in synergy with TNF-a in increas-
ing the eradication of parasites in erythrocytic cycle by neutrophils.

The genes/gene pathway that leads to the SMA pathogenesis has been human stem cell growth
factor (SCGF, C-type lectin domain family member 11A-CLEC11A) which is up-regulated
after PfHz stimulation of human PBMC’s [71]. Primarily secreted by myeloid and fibroblasts
possessing burst-promoting activity for human bone marrow erythroid progenitors, SCGF is
a hematopoietic growth of 323-amino acid that is cleaved to a 245-amino acid SCGF-f3 active
form. In children with SMA, SCGF tends to be suppressed and positively correlated with
Hb concentration, erythropoietic response suppression and high concentrations of naturally
acquired monocytic PfHz. Genetic polymorphism of the SCGF also tends to protect against
SMA development and suppression of erythropoiesis in parasitized children [72].

10. Role of effector molecules in severe malarial anemia pathogenesis

Relative expression of inflammatory mediators largely determines the various clinical out-
come of malaria. The relative concentrations and timing of release of pro-and anti-inflamma-
tory cytokines, chemokines and growth factors have a direct effect on cellular response as well
as on the down-stream effector molecule production. The most notable down-stream effectors
include NO, reactive oxygen species (ROS) and prostaglandins E2 (PGE2).

The toxic free radical NO has an effect on SMA development. The catalysis of L-arginine by
NO synthase (NOS) produces equimolar amounts of r-citrulline and NO and in malaria the
inducible NOS (iNOS or NOS2) is responsible for most of the NO production from mono-
cytes, macrophages and neutrophils [73]. Pro-inflammatory cytokines (IL-12, IFN-y, TNF-a)
upregulates iNOS-generated NO synthesis, whereas Th2 (anti-inflammatory) cytokines (IL-
10, TGF-$3) downregulates NOS2 expression in malaria. NO is both protective as it has potent
parasiticidal properties limiting parasitemia and pathogenic effects as it sustained high level
predispose to anemia through BM suppression, dyserythropoiesis and erythrophagocytosis.

ROS appear to be both protective and pathologic in P. falciparum malaria. Increased concen-
trations of the free radical have observed to accompany accelerated parasitaemia clearance in
Gabonese children as well as controlling of peripheral parasitaemia in children with severe
malaria [74]. In Kenyan children with severe malaria, ROS damaged the RBC membranes [74].
Severe malarial cases associated with significantly elevated markers of oxidative stress like high
malondialdehyde concentrations, high protein carbonyl, high nitrite, low ascorbic acid and ele-
vated plasma copper concentrations are suspected to have SMA [74]. The arachidonic acid prod-
uct, PGE,, has an inverse relationship with SMA development. Cyclooxygenase (COX) enzyme
(prostaglandin-H, synthase) exists in two isoforms: COX-1 (PGH synthase-1) and COX-2 (PGH
synthase-2). COX-1 catalyzes the immediate formation of PGE,, whereas COX-2 catalyzes the
delayed formation of PGE, involved in the regulation of the inflammatory response and immu-
nity to invading pathogens. Acquisition of intraleukocytic PfHz in placental malaria reduces
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mononuclear cell PGE, production [75]. Furthermore, plasma bicycle-PGE, (stable end metabo-
lite of PGE,) and PBMC COX-2 ex vivo expression are significantly reduced in severe malaria.
De novo COX-2 transcripts biosynthesis is inhibited when monocytes phagocytose PfHz [76].
Ingestion of PfHz by monocytes and the effects of antipyretics used to treat malarial fever pro-
mote overproduction of TNF-a and worsening of malarial pathophysiology like SMA when
erythroid progenitors are targeted for apoptosis [76-78]. PfHz (in synergy with TNF-a) directly
inhibits erythroid cell development by interfering with the erythropoietic cascade through
induction of oxidative stress-driven erythroid precursor cell apoptosis and through cytokine-
mediated inflammation effects on erythroid development leading to SMA.

11. Severe malarial anemia management

The only treatment that has been available for SMA has been largely blood transfusion in
various forms. Erythropoietin supplementation has not been successful as most patients
with SMA tend to have high concentrations of the hormone amidst a low reticulocyte count
indicating a nonresponsive BM. Equally so has been the ferrous iron supplements that have
proven to have worse outcomes and had to be prematurely stopped. As has been shown, SMA
is a synergistic onslaught from the parasite producing PfHz, which is eventually taken up by
activated leukocytes and breeds both pro-and anti-inflammatory mediators whose sustained
synthesis results in malarial pathophysiology and derangements. Aiming the treatment at the
parasite has been successful, to some extent. However, the continued harangue of the parasite
among many populations is a tacit implication that more is required to eradicate or control
the malarial pandemic. Aiming malarial treatment at the pathophysiology is an avenue cur-
rently being explored with commendable results.

Administration of the phytochemical triterpenes, asiatic acid and other triterpenoids has been
shown to have antiparasitic effects and reduction of SMA development in murine malaria.
Addressing the pathophysiology of malaria while eradicating parasitemia seems to provide a
provocative approach that encompasses inflammation, immunoreactivity, glucose homeosta-
sis, renal failure and other aspects, which commonly complicates malaria in humans.

11.1. Severe malarial anemia and asiatic acid administration in murine malaria

Hypothetically, drugs that may inhibit or reverse malarial pathophysiology or the disease
components have a higher chance of controlling malaria even without parasite eradication.
This may include targeting SMA, which is an independent malarial mortality predictor in
pregnant women and children [80]. The concept of malarial pathophysiology being referred
to as malarial disease and its management being denoted as antidisease in malaria is a novel
term in malaria handling terminology introduced to differentiate this approach from the anti-
parasitic treatment [80].

Triterpenes with antidisease properties in other conditions similar to malaria, like inflamma-
tion in sepsis and hypoxia in anemia are able to eradicate the Plasmodium parasite as well as
resolve the ensuing pathophysiology. Triterpenes with pleiotropic functions, sufficient to be
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antidisease as well as antiparasitic, have been reported. Betulinic acid (BA), ursolic acid (UA),
maslinic acid (MA) and oleanolic acid [OA] have been shown to have moderate activity in vitro
against the chloroquine-insensitive (K1) and chloroquine-sensitive (T9-96) P. falciparum para-
sites. MA, a possible multitargeting antimalarial, effectively inhibits proteolytic processing of
the malarial merozoite surface protein [MSP1] complex, inhibits the metalloproteases and has
several putative binding sites for the parasite antigens [81]. This multitarget phenomenon sup-
presses the parasitemia in more than one way. Furthermore, the age-old preoccupation with
targeting single process of the parasite infective cycle (which is mutation prone) is avoided,
and host-related responses potentiating antidisease and antiresistance outcomes are involved
[80]. Asiatic acid (AA), an amphiphilic triterpene (Figure 2), has known for its antioxidant
and pro-oxidant capacity, anti-inflammatory and antinociception activity in mice [82], calcium
release-associated apoptosis induction [83, 84] and a potent immunomodulator. Asiatic acid
shares structural and bioactivity properties with OA, MA, UA and BA. Targeting the patho-
physiology of malaria, SMA, as well as the parasite provides new mechanisms for combating
malaria. Noteworthy is that AA is known to attenuate, inhibit or ameliorate the above factors
in other diseases, which formulate the bedrock of malarial disease and its sequelae.

11.2. Glycosylphosphatidylinositols (GPI) and severe malarial anemia

Immunity against severe malaria is partly antiparasitic and partly antitoxic (toxic effects in
response to parasite factors) [85]. The majority of the adults in malarial endemic areas have
resistance to severe malaria and subsequently to SMA.

The induction of innate pro-inflammatory cytokine responses is mediated by germline-
encoded pattern-recognition receptors, such as toll-like receptors (TLR), which recognize con-
served microbial structures, i.e., pathogen-associated molecular patterns (PAMP) [86]. Among
the malarial PAMP, glycosylphosphatidylinositols (GPI) are considered the main pathoge-
nicity factor [87]. While GPI structure is conserved among Plasmodium species, human and
Plasmodium GPI differ considerably but provide potential therapeutic points [88]. Several
functionally important parasite proteins, including MSP-1, MSP-2 and MSP-4, are anchored
to the cell membranes through GPI moieties and are also abundantly present free of protein
attachment in membranes of pathogenic protozoa [89]. P. falciparum GPI have been found to
induce the production of NO, TNF, IL-1b in murine macrophages in vitro, and a synthetic
malarial GPI glycan was demonstrated to be immunogenic in vivo [90].

AA modulates immunity by selective induction of mitochondria-dependent apoptosis of
activated lymphocytes in the prevention of murine fulminant hepatitis [91], a mechanism
that may be extendable to malaria. Using membrane DNA array technique, a wound-healing
derivative of AA [2-Oxo-3, 23-isopropylidene-asiatate (AS2006A)] exerting anti-inflammatory
effect was identified. The anti-inflammatory mechanism involved selective cytotoxicity to
activated macrophage cell line (L-929). By upregulating the expression of apoptosis-inducing
genes caspase-8, c-myc, inducible nitric oxide synthase (iNOS), mdm2, NF-kfa, I-kpa and
NF-kp p105, the phytotherapeutics controlled inflammation [93]. This alludes to AA exerting
anti-inflammatory effect by cytochrome c release, caspase 3 activation and poly (ADP-ribose)
polymerase cleavage mechanism as did AS2006A [92].
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In principle, GPI drives inflammation that leads to SMA and AA by curbing cytokine release
and correcting dyserythropoiesis may be said to inhibit GPI effect.

11.3. Preservation of blood volume by asiatic acid through immune system modulation

The effect of AA in alleviating hemodynamic and metabolic alterations in metabolic syn-
drome is through restoration of endothelium nitric oxide synthase (eNOS)/iNOS expres-
sion [93]. Similar influence of AA in malaria may be anticipated where eNOS/iNOS ratio
determines the bioavailability of NO necessary for vascular proliferation and angiogenesis.
These are useful processes in the inhibition of SMA. By maintaining RBC's concentration in
malaria, besides preventing SMA, AA also contributes toward modulation of hemodynamic
systems.

The hematologic indices such as Hb concentration, RBC's volume and % hematocrit (%Hct)
were depressed with increasing percentage of parasitemia, while oral administration of AA
has been shown to preserve these parameters and ameliorated SMA. SMA has been shown
to persist even when parasitemia has been resolved driven by an aberrant immune system
and PfHz-induced oxidative stress, and the immune system modulation of AA may correct
SMA, which is also relentless even after overt infection has dissipated. By suppressing para-
sitemia as well as having an effect on the retardation and correcting SMA, AA is a potential
antidisease agent in malaria. Although not investigated, there is a possibility that other factors
(including inflammatory mediator-impaired erythropoiesis) influencing SMA development
are inhibited by AA. Destruction of pRBCs occurs when the schizonts mature and merozoites
rapture cell membranes. pRBC's destruction is accompanied by the lysis of npRBCs at a ratio
of 8.5 RBCs for each pRBCs hemolyzed through phagocytosis and increased oxidative stress.
By selectively inducing apoptosis of activated macrophages and monocytes, AA may reduce
the phagocytic activity of leukocytes in malaria as has been shown by SMA retardation. Also,
the antioxidant facet of AA may preserve RBC's membrane deformability and reduce the
trapping of the cells by the spleen.

SMA develops as the RBC mass is reduced rapidly without concurrent replacement as a result
of ineffective erythropoiesis. This occurs when erythroid progenitor apoptosis is induced by
oxidative stress. The high concentrations of EPO observed in SMA are at variance with the
low degree of reticulocytosis present, indicating reduced BM response to anemia due to ery-
throid progenitor destruction. The antioxidant capacity of AA, by preserving erythroblast
cells, corroborates with increasing EPO to alleviate SMA through increased reticulocytosis.
Moreover, by reducing parasitemia, AA not only preserves erythroid precursor response in
infection but also increases blood volume through normalizing reticulocytosis [94] that pre-
vents overt SMA development.

11.4. Asiatic acid reduces oxidative stress and reduces red blood cell’s destruction

The other mechanism by which npRBCs are destroyed in malaria involves increased eryth-
rocytic oxidative stress and parasite antigens, which cause RBC's membrane to be less
deformable and more fragile. This shortens RBC's life spans. These cells are trapped during
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splenic sequestration and destroyed through phagocytosis. AA has known for its antioxi-
dant, anti-inflammatory and immunomodulatory properties that protects cell membranes
from oxidative damage and rigidity, reduced erythrophagocytosis and reduced parasite
proliferation. MA, a phytochemical similar in structure and polypharmacology with AA,
has multitargeted inhibitory properties against malaria with possible blockade of parasite
maturation from early ring to schizont stages [95]. BA and UA also share carbon skeleton
with MA and AA. Analogs of these two triterpenes are antiplasmodial through disruption of
parasite calcium homeostasis [96] and averting SMA through reduction in parasite densities.
These together with AA inhibit parasitic proliferation limiting RBC's hemolysis and pre-
serving hematologic indices. The pleiotropic biologic effects of AA influence host control of
the parasite proliferation. By modulating the immune system and removing erythropoiesis-
suppressive effect of parasitic infection, hematologic indices are corrected preventing the
development of SMA.

11.5. Asiatic acid, hepcidin, iron homeostasis and severe malarial anemia

The resolution of SMA (normalized hematologic indices) indirectly indicates the abrogation
of the immunologic and inflammatory processes by AA. The persistence of SMA beyond
parasitemia eradication is orchestrated and sustained by immunologic sequelae, which
upregulate hepcidin synthesis and modulation of iron metabolism, and the fact that SMA
is inhibited by AA administration, suppression of hepcidin synthesis and continuation of
normal iron metabolism is a factor that is associated with the beneficial effect of triterpenes
in malaria [97].

12. Conclusion

The pathogenesis of SMA is largely driven by dysregulation and imbalance between pro- and
anti-inflammatory cytokines, chemokines, growth factors, and effector molecules. Alterations
in the phenotypic presentations of these innate inflammatory mediators is due, at least in
part, to the phagocytosis of PfHz by monocytes, resident macrophages (including those in
bone marrow), and neutrophils. The mechanisms that lead to the profoundly low Hb con-
centrations witnessed in children with SMA are due to hemolysis and phagocytosis of pRBCs
and npRBCs, and to a large extent, by suppression of erythropoiesis that is driven by PfHz-
generated dysregulation in innate inflammatory mediators.

One of the emerging novel methods for managing the malarial diseases is in aiming at amelio-
rating the disease aspects through utilization of antidisease initiatives. The administrations of
triterpenes with known antidisease properties are indicating potential for averting SMA devel-
opment through maintaining the hematologic indices in severe malaria. The use of AA, MA,
OA and other phytochemicals holds potentials in eradication of SMA and pathophysiology
of malaria through their antioxidant, anti-inflammatory and immunomodulation capabilities.
This introduces a new era in the management of SMA.
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Abstract

Anemia presents a global public health problem. It is related to several factors, rang-
ing from deficiency in nutrients from food to genetic alterations in iron absorption and
metabolism. In this context, hepcidin is a peptide molecule that regulates iron homeo-
stasis. Hepcidin is synthesized, in part, by hepatocytes. In physiological conditions,
increased serum transferrin, serum iron, inflammation, and erythropoiesis trigger stimuli
that promote hepcidin antimicrobial peptide (HAMP) gene transcription and hepcidin
synthesis. However, in pathological situations, an overexpression of hepcidin occurs, an
increase in the plasma concentration that damages the organism. Hepcidin contributes to
the pathogenesis of iron deficiency anemia, anemia of inflammation, in hemoglobinopa-
thies. Then, there is a restriction of the availability of iron to the tissues and the formation
of new erythroid precursors, with the consequent development of anemia.

Keywords: anemia, chronic disease anemia, ferroportin, hepcidin, HAMP gene, iron
deficiency, iron deficiency anemia, IRIDA, iron homeostasis, sickle cell, thalassemia

1. Introduction

The World Health Organization (WHO) characterizes anemia as a condition in which the con-
centration of hemoglobin is below 13 g/L for males and 12 g/L for females. Anemia is a condi-
tion in which the number of red blood cells or their oxygen carrying capacity is insufficient to
meet physiological needs, which vary according to the age, gender, altitude, smoking status,
and pregnancy status. Iron deficiency (ID) is considered to be the most common cause of ane-
mia, although there are other conditions such as folate deficiency, vitamin B12 and vitamin A,
chronic inflammation, parasitic infections, and hereditary disorders related to iron metabolism

I m EC H © 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgINEN



218 Current Topics in Anemia

and the formation of hemoglobin [1]. Iron deficiency impairs erythroid cell formation and
decreases hemoglobin synthesis. Iron has functions vital to the body, requiring daily intake
through food and the constant recycling of senescent erythrocytes by macrophages to main-
tain adequate concentration. In view of this, the control of iron uptake and movement in the
form of ferritin occur through the plasma hepcidin concentration, a peptidic hormone, which
regulates iron metabolism through the negative modulation of ferroportin [2—4].

Iron deficiency and/or hypoferremia involve(s) changes in hepcidin concentration and iron
metabolism markers (serum iron, transferrin and ferritin). Hepcidin has been shown to act
in the direct inhibition of food absorption of iron in the duodenum, in blocking the release
of iron recycled by macrophages and in controlling the movement of iron stores contained
in hepatocytes, enterocytes, and macrophages [5-7]. However, the serum concentration of
hepcidin assists in the prognosis of the main hematological alterations involving the iron
metabolism with the development of anemia, influencing the severity of iron deficiency ane-
mia, iron-refractory iron deficiency anemia, anemia of chronic disease, hemoglobinopathies,
mainly HbS, thalassemias, and hemolytic anemia, among others.

2. Hepcidin: function and structure

The hepcidin molecule (“hep” hepatic origin, “cidin” antimicrobial activity) was described
in the year 2000; it is an antimicrobial peptide that acts in parts in innate immunity and iron
metabolism. It was isolated from human blood and urine [3, 4]. The relationship between hep-
cidin and its action on iron homeostasis was demonstrated in knockout animals for the gene
encoding hepcidin, the HAMP gene, in a clinical condition compatible with hemochromato-
sis. However, transgenic animals with increased hepcidin expression had decreased serum
iron, erythropoiesis deficiency with severe microcytic-hypochromic anemia [8, 9].

Extrahepatic production of hepcidin occurs to a lesser extent, and it is believed that at these
sites it acts as an antimicrobial peptide. In the kidney, hepcidin modulates the defense bar-
riers against urinary tract infections. In the heart, hepcidin maintains iron homeostasis in
cardiac tissue by an autocrine regulation of the expression of ferroprotein on the surface
of cardiomyocytes [10, 11]. Hepcidin is encoded in a molecule containing 84 amino acids,
a prehepcidin, which undergoes proteolytic cleavage in one region and gives prohepcidin,
composed of 64 amino acids. Prohepcidin is biologically inactive and is cleaved subse-
quently by the enzyme furin in a specific NH, region, resulting in biologically active hep-
cidin composed of 8 cysteine residues, bound by 4 bisulfide bridges containing 25 amino
acids [3, 4, 8].

2.1. Iron

Iron is an integral constituent of several metalloproteins; being essential for oxygen transport,
it acts on the transfer of electrons from the respiratory chain and in various catalytic reactions.
The biological versatility of iron is based on its ability to act as electron donor and receptor.
Thus, iron can easily convert between its oxidized state, ferric iron (Fe*®), and reduced state,
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ferrous iron (Fe™). Spontaneous aerobic oxidation of Fe* to Fe® is practically insoluble at
physiological pH, which hinders the acquisition of iron by cells and tissues, requiring other
proteins and enzymes that facilitate the conversion of Fe* — Fe™ [12].

An adult human body contains approximately 3-5 g of iron, with men presenting approxi-
mately 55 mg/kg and women 44 mg/kg. Approximately 70% of body iron is stored as heme in
hemoglobin present in erythroblasts and erythrocytes. Muscle contains about 2.5% iron in the
form of myoglobin; iron reserve in the macrophages corresponds to 5% and in the hepatocytes
to 20%. Diet maintains the iron stores, and a diet rich in red meat provides approximately
10-15 mg iron/day as heme (Fe?) present in myoglobin and hemoglobin. Around 20-40% of
heme and 10-20% of nonheme iron (Fe*) are available for absorption. This turnover maintains
the iron stores for the physiological needs, since the quantities of iron required by the organ-
ism vary according to the age group and gender of each individual [12, 13].

2.1.1. Iron homeostasis

Iron in both ferrous and ferric forms is absorbed in the duodenum in different ways. In order
for ferric iron to be absorbed more efficiently, it must undergo an oxidation of its state from
Fe® to Fe™>. However, some factors influence the absorption of iron Fe®, such as a diet rich in
polyphenols and phytic acid, since these molecules bind to iron from vegetables and cereals,
as well as deficiency of vitamin C and antioxidant substances, gastritis caused by Helicobacter
pylori, and bariatric surgery, among other factors [14].

The oxidation reaction, Fe® — Fe™, is performed by the enzyme cytochrome b duodenal
(dCytB), present on the plasma membrane of enterocytes. Thereafter, ferrous iron is mobi-
lized via the divalent metal-1 type metal transporter (DMT-1) to the intracellular medium.
However, heme iron from the diet is internalized by the heme-1 carrier protein (HCP-1) into
the cells. Both forms of iron derived from the diet may be stored as ferritin or transported to
different tissues and organs (Figure 1) [15, 16].

2.1.2. Transport and delivery of iron to the cells

Transferrin transports iron into tissues. It is necessary that the iron in its iron state be oxidized
to ferric iron through the oxidizing action of the enzymes hephaestin and ceruloplasmin
[17]. Transferrin is a beta-globulin, which has an ellipsoidal shape, with two iron-binding
sites. Transferrin saturation (TS) determines its functional status. In healthy subjects, about
30% of transferrin is saturated with iron. When the two iron-binding sites are occupied, it
is termed diferric transferrin; when only one site is connected to iron, it is called monoferric
transferrin; and when no site contains iron, it is called apotransferrin [18].

Under physiological conditions, transferrin saturation determines its affinity to cells and cell
receptors; the less saturated and/or iron-bound, the greater the affinity of apotransferrin to
enterocytes. On the other hand, the diferric transferrin has a greater affinity to the transferrin
receptors (TfR1 and TfR2) than the monoferric transferrin receptors. The ability of apotrans-
ferrin is to prevent the accumulation of free iron not bound to transferrin (NTBI), which is a
redox-active and toxic [12, 18].
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Figure 1. Iron homeostasis [29].

Transferrin binds the TfR1 and TfR2 receptor subunits on the cell surface to form a ferro-
carbonate-transferrin complex. The cell internalizes this complex by endocytosis. After the
internalization of the complex, the acidic pH present in the intracellular medium favors
the release of Fe®, and then it is reduced to Fe*? by the ferroreductase, Steap3 (six-trans-
membrane epithelial antigen of prostate 3) and transported in the intracellular medium by
DMT1. The receptor-transferrin complex returns to the cell surface and the apotransferrin is
released to a new cycle. Replenishment of transferrin occurs through iron stored in macro-
phages [12, 18-20].

2.1.3. Recycling and storage of iron

Each erythrocyte contains approximately 1.2 x 10° molecules of the heme group associated
with hemoglobin, with approximately 200 billion erythrocytes reaching senescence and intra-
vascular hemolysis each day. Hemoglobin released from senescent erythrocytes can be eas-
ily oxidized, releasing the heme group, which can promote protein oxidation, generate lipid
peroxides, and damage DNA through the formation of reactive oxygen species [21]. The heme
group is metabolized within the splenic macrophages by the activity of heme oxygenase
(HO-1 and HO-2). The intracellular concentration of HO-1 increases after heme phagocytosis.
The breakdown of heme by HO-1 gives rise to Fe* and the remaining portion is biliverdin,
which after the action of the enzyme biliverdin reductase gives rise to bilirubin. About 70% of
body bilirubin comes from erythrophagocytosis [15].

Iron is stored in the body in the form of ferritin. All the cells of the organisms have reserves of
irons. Ferritin is a complete molecule composed of a protein, apoferritin, and iron. Apoferritin
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has a shell shape of 24 subunits, which stores about 4000 iron atoms. Three different genes
encode apoferritin: the heavy chain (H) is encoded by the FTH gene, located on chromosome
11; the light chain (L) is encoded by the FTL gene located on chromosome 19; and the mito-
chondrial apoferritin is encoded by the FTMT gene and is on chromosome 5. In situations that
decrease serum iron and erythropoietic activity, stored iron is mobilized from the interior of
ferritin by the action of natural chelating and reducing agents such as glutathione and cyste-
ine, into the intracellular medium, into the cell’s cytosol and then exported to the extracellular
medium through the ferroportin [22].

2.1.4. Export of stored iron to the extracellular medium

Ferroportin is a transmembrane protein that mediates the stored iron efflux of macrophages,
enterocytes, and hepatocytes into plasma, maintaining systemic iron homeostasis. Through
stimuli originated by the increase of serum iron, serum transferrin, erythropoiesis, and proin-
flammatory cytokines, the HAMP gene transcription occurs, increasing the plasma concentra-
tion of hepcidin, which binds to ferroportin in the extracellular medium through its portion
N-terminal, promoting its phosphorylation, internalization, and ubiquitination in lysosomal
endosomes. As with other receptors that undergo ligand-induced endocytosis, the interac-
tion of hepcidin with ferroportin causes a conformational change in ferroportin and covalent
modifications of one or more cytoplasmic segments to initiate endocytosis. The specific inter-
action between hepcidin and ferroportin, when altered, favors the iron accumulation of the
organism [23, 24].

2.2. Regulation of hepcidin expression

Serum hepcidin concentration is regulated by several factors that may increase or decrease
its serum concentration. Among the main factors that increase the serum concentration of
hepcidin are infections and chronic diseases, hepatic diseases, alcohol abuse, genetic altera-
tions in the TMPRSS6 gene, blood transfusion, dialysis in renal disease, and administration of
iron by orally or intravenously. The factors that decrease the serum concentration of hepcidin
are erythropoiesis, erythropoietin, and erythropoietin-stimulating agents in order to allow
the movement and delivery of iron in the bone marrow. Genetic alterations are related to
the development of hemochromatosis, hypoxia, and steroid hormones, among others [25-29].

These factors activate the HAMP gene, located on chromosome 19q13 to transcribe the hep-
cidin mRNA. Literatures have described several HAMP signaling pathways, without much
evidence. However, two pathways are described as the main ways of regulating and activat-
ing the HAMP gene. These pathways are related to increased serum iron and the production
of inflammatory cytokines. The first signaling pathway occurs through the induction of the
pathway related to bone morphogenetic proteins (BMPs), being activated by the concentra-
tion of circulating iron. Second, the Janus kinase (JAK)/signal transducer and activator of
transcription (STAT) signaling pathway is activated by inflammatory stimuli. Increased trans-
ferrin saturation and its binding to the TfR1 and TfR2 receptors cause a displacement of the
HEFE protein to its receptor, TfR2, where activation of hemojuvelin (HJV), a BMP coreceptor
occurs. Then, intracellular signaling proceeds until the activation of HAMP gene [30].
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The BMP cytokines are proteins that are part of the great family transforming growth factor-3
(TGE-B). Activation of the BMP path requires interaction with its BMP-r receptor and with the
BMP-R receptor coreceptor, the HJV protein. The integration between HIV-BMP-R induces
phosphorylation of the BMP receptor, thus activating it. This activation generates an intracel-
lular signaling cascade through the binding of a threonine/serine kinase type I and type II
receptor complex [31-33].

The activated receptor type II activates the type I receptor. This action may activate other
receptors and other intracellular proteins, such as the R-SMAD protein, which regulates
the phosphorylation of SMAD-1/5/8 proteins, leaving them active. However, these pro-
teins cannot promote the transcription of the HAMP gene but are necessary for union with
the SMAD-4 factor. After formation of the SMAD1/5/8/~SMAD4 complex, migration to the
nucleus commences. These proteins bind to the promoter region of the HAMP gene by initiat-
ing its transcription. The negative intracellular feedback of the SMAD pathway is performed
by the SMAD-7 protein, which prevents phosphorylation and formation of the SMAD-1/5/8/
SMAD-4 complex. Currently, it has been thought to use SMAD-7 as a therapeutic target to
suppress hepcidin mRNA in diseases where hepcidin overexpression occurs. The BMP/SMAD
pathway has shown promise in the development of candidate hepcidin suppressors [34-37].

Inflammatory mediators influence the expression of HAMP gene through the JAK/STAT sig-
naling pathway. Initially, a conformation shift on the subunits of the JAK receptors is required.
JAK receptors are present in the intracellular medium coupled with other transmembrane
receptors. When the inflammatory cytokines, interleukin-6 (IL-6), IL-1f3, IL-22, activin-B, and
interferon-a bind to their receptors, they activate the cytoplasmic JAK. As an example, IL-6
binds to its receptor, which is formed by two subunits: one alpha subunit (IL-6-R) and another
beta subunit (GP130). When IL-6 binds to IL-6-R, a dimerization of gp130 occurs, which
recruits the cytoplasmic JAK to phosphorylate the gp130 protein. After phosphorylation, the
STAT-1 and STAT-3 proteins bind to gp130 and autophosphorylate soon after the formation
of a complex that migrates to the nucleus and induces the transcription of the HAMP gene
(Figure 2) [38—43].

2.3. Hepcidin and anemia
2.3.1. Iron deficiency and iron deficiency anemia

Iron deficiency (ID) and iron deficiency anemia (IDA) are distinct forms, even though they
are often used as synonyms. Capellini et al. [44] define “iron deficiency is a health-related
condition in which iron availability is insufficient to meet the body’s needs and which can be
presented with or without anemia.”

ID defines a condition in which iron stores are reduced (ferritin <12 ug/L) in the absence
of anemia, but the supply of iron to erythropoiesis is maintained. IDA occurs when there
is no iron available for erythropoiesis, characterizing a decrease in hemoglobin synthesis.
When IDA is the result of progressive ID, it usually develops slowly and can be well tolerated
by organisms, making its diagnosis difficult. The diagnosis of IDA requires laboratory tests,
since the symptoms may be present, but they are nonspecific and often ignored [45].
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Figure 2. Hepcidin expression [29].

The treatment for ID/IDA is done with oral iron replacement; however, when the serum
concentration of hepcidin is increased, this iron is not absorbed in the duodenum and it is
necessary to use injectable iron. ID is commonly reported in obese individuals due to their
elevated serum concentration of hepcidin and reduction of iron absorption due to inflamma-
tion developed by adipose tissue [46, 47]. Serum hepcidin, ferritin, and iron content in hepatic
and skeletal muscle are increased in obese individuals, and after weight loss, values tend to
normalize [48].

2.3.2. Chronic disease anemia

Chronic disease anemia (CDA) or anemia of inflammation (Al) refers to the impaired pro-
duction of erythrocytes associated with chronic inflammatory conditions, including cancer,
chronic infection, or autoimmune diseases. Recent data indicate that anemia can also occur in
situations of severe and acute inflammation, or with persistent inflammatory signs that occur
in obesity, aging, and renal failure. Anemia of inflammation is defined by low concentration
of serum iron (<60 pg/dL) with normal or elevated serum ferritin (>12 ng/mL) and saturation
of transferrin around 15% [49].

The clinical picture of anemia, established in the Al is due to the production of cytokines
as IL-1p, INF-y, and TNF-a, which influence negatively on erythropoiesis, by inhibiting the
production of erythropoietin (EPO). In addition, when the erythropoietin concentration is
decreased, there is an increase in hepatic synthesis of hepcidin. Other factors that influence the
alteration of iron metabolism through modulation of hepcidin expression are interleukin IL-6,
IL-1pB, IL-22, INF-y, and TNF-a. These cytokines act on the HAMP gene through the activation
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of the signaling pathway JAK-STAT. Due to the intense production of inflammatory media-
tors, the serum concentration of hepcidin is high, restricting the mobilization of iron stores of
ferritin in enterocytes and hepatocytes and making it difficult for the delivery of iron by mac-
rophages in the bone marrow to generate new precursors erythroid. Due to this fact, serum
ferritin is elevated and transferrin is decreased [49, 50].

Morbid obesity is considered a chronic inflammatory state with altered iron metabolism. ID
may initially occur due to malabsorption of iron in the duodenum, as well as increased hepci-
din due to the chronic inflammatory process. Most obese individuals present serum transfer-
rin saturation below 20%, and after weight loss, markers of iron metabolism normalize over
a period of up to 4-6 months. This evidence supports the hypothesis that obesity favors iron
sequestration with the development of anemia of inflammation, but Al in obesity may or may
not be preceded by ID [50, 51].

In some more serious situations, such as patients with chronic kidney disease (CKD), the ane-
mia is mainly due to the lack of erythropoietin. During the development of CKD, the kidneys
lose the ability to produce erythropoietin, causing less red blood cell production, resulting
in anemia. Another interesting fact is that the inflammation generated by CKD stimulates
the synthesis of hepcidin, which prevents the mobilization of iron stores in the macrophages
present in the marrow. These facts alone or together contribute to the development of anemia
in CKD. Besides that, the renal function plays a role in clearance of hepcidin. Renal dys-
function results in decreased clearance of hepcidin and consequent storage of hepcidin with
development of anemia. As CKD progresses, the serum concentration of hepcidin increases
independent of the inflammatory state. In this clinical context, it is common to develop an
anemia of inflammatory disease with ID anemia, since several compartments involved in the
metabolism and maintenance of iron stores are compromised [50, 52-54].

2.3.3. Iron-refractory iron deficiency anemia

Iron-refractory iron deficiency anemia (IRIDA OMIM # 206200) is an autosomal recessive dis-
ease characterized clinically by microcytic and hypochromic congenital anemia, unresponsive
to treatment with oral iron and partial response to treatment with parenteral iron, and has
low transferrin saturation, low iron concentration, high serum ferritin, and excess hepcidin.
Mutations present in the TMPRSS6 gene, which encodes the matriptase-2 protein, confer the
pathogenesis of IRIDA. The matriptase-2 protein is a type II transmembrane serine protease,
expressed in hepatocytes, enterocytes, and other cells. The biological function of matriptase-2
is to regulate hepcidin expression in liver cells [55-57].

The polymorphism of rs855791 (p.Ala736Val) of the single nucleotide polymorphism (SNP)
type is the most frequent underlying pathology. In this genetic alteration, the amino acid
alanine is replaced by a valine at position 736, in the serine protease domain of matriptase-2.
Thus, the protein matriptase-2 does not undergo proteolytic cleavage, losing its function of
negatively regulating the action of hepcidin. Another variant is T287N, which inactivates
hemojuvelin cleavage. Cleavage of the hemojuvelin is required so that it binds to the BMP
receptors inactivating the signaling pathways of the HAMP gene [58-60].
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The appearance of anemia in IRIDA occurs in early childhood; there are reports that the pro-
cess of instituting anemia begins in the intrauterine life. The most serious cases of IRIDA
reported are in children. The clinical-laboratorial picture presents as characteristics of the
disease congenital hypochromia, microcytic anemia with very low MCV, low transferrin sat-
uration (<15-5%), and abnormal iron absorption with the use of defective iron. IRIDA can
develop with varying degrees of anemia, ranging from severe to moderate or mild; the com-
mon feature among all is resistance to oral iron therapy and genetic inheritance with changes
in the TMPRSS6 gene. Initially, the concentration of hepcidin in mild and moderate IDA and
IRIDA is high, restricting the iron absorption in the duodenum and making it impossible to
mobilize the iron stores. However, in the treatment of IDA with iron replacement, the serum
concentration of hepcidin decreases rapidly, facilitating the absorption and replacement of
the iron stores [61, 62].

2.3.4. Sickle cell anemia

Hemoglobinopathies are hereditary changes that affect hemoglobin. These changes may be
structural or deficient synthesis. In structural hemoglobinopathies, the change in one or more
hemoglobin chains occurs. In the vast majority of cases, such changes are caused by point
mutations, which determine the exchange of one amino acid by another. Among structural
hemoglobinopathies, hemoglobin S is the most common inherited hematological abnormality
in human being. Its etiology is genetic, with an autosomal recessive pattern and due to muta-
tion in the beta globin gene, producing a structural alteration in the molecule. Approximately
300,000 infants are born per year with sickle cell anemia globally [63].

In its homozygous form, it is called sickle cell anemia and, where at least one gene is HbS,
is called sickle cell disease. The hemoglobin S (HbS) variant results from the substitution of
valine for glutamic acid in the sixth amino acid of B-globin. Sickle cell disease or anemia is
characterized by reduced blood hemoglobin concentration, susceptibility to infections, recur-
rent vaso-occlusion, tissue infarction, and complications such as stroke, avascular necrosis of
the joints, or nephropathy. Tissue hypoxia of vessel obstruction facilitates the deoxygenation
of HbS, its crystallization, hepatic eruption, and chronic hemolysis. The iron overload present
in sickle cell anemia is due to blood transfusions, requiring the use of oral chelants, since free
iron is toxic. The high concentration of inflammatory cytokines increases the retention of cel-
lular iron stores and in the endothelial reticulum, due to the high serum hepcidin. Use of iron
chelators in the treatment of sickle cell anemia lowers the serum concentration of hepcidin
and mobilizes iron stores for erythropoiesis [64-66].

2.3.5. Thalassemias

The thalassemias are derived from partial or total deficiency in the synthesis of one or more
types of globin chains, leading to defective production of hemoglobin. Thalassemia is an auto-
somal recessive genetic disorder. In the literature, alpha thalassemia, thalassemia intermedi-
ary, and beta-thalassemias have been described. Mediterranean population is most affected
by the disease. Among the main symptoms are fatigue and weakness, due to the development
of anemia; pale or yellowish skin; increased direct bilirubin; facial bone deformities and slow
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growth; lack of iron in hemopoiesis; abdominal bloating, due to the increase of blood and
iron deposition in the organs of abdominal cavity; and dark urine, due to the presence of
hemoglobin, urobilinogen, and iron. Individuals with thalassemia also develop serious heart
problems. Thalassemia is an anemia with iron overload. The iron overload results from the
blood transfusions patients often receive and the hemolysis of the red blood cells [67].

The relationship between thalassemia and hepcidin was initially observed in mice with thalas-
semia. These animals had a low expression of hepcidin and severe anemia. Decreased serum
hepcidin concentration favors increased iron uptake from diet and iron overload. Anemia, tis-
sue hypoxia, and increased erythropoietin production observed in beta-thalassemia promote
suppression of hepcidin. Another mitigating factor in the thalassemia clinical framework is
the overexpression of the erythroid hormone erythroferrone (ERFE). ERFE regulates the syn-
thesis of hepcidin, together with erythropoietin, during erythropoiesis [68, 69].

3. Conclusion

The development of anemia is complex and requires better understanding and studies related
to iron metabolism. Hepcidin controls the metabolism of iron, but when an imbalance occurs
in its serum concentration, it causes serious damage to the organism, it is necessary to con-
sider hepcidin level for the laboratory diagnosis of anemias, a practice that is not performed,
and to establish a reference value for hepcidin.
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Abstract

Anemia is a major cause of morbidity and mortality worldwide and can be defined as
a decreased quantity of circulating red blood cells (RBCs). The epidemiological studies
suggested that one-third of the world’s population is affected with anemia. Anemia is not
a disease, but it is instead the sign of an underlying basic pathological process. However,
the sign may function as a compass in the search for the cause. Therefore, the prediag-
nosis revealed by thorough investigation of this sign should be supported by laboratory
parameters according to the underlying pathological process. We expect that this review
will provide guidance to clinicians with findings and laboratory tests that can be followed
from the initial stage in the anemia search.

Keywords: anemia, complete blood count, red blood cell indices, reticulocyte

1. Introduction

Anemia, the meaning of which in Greek is “without blood,” is a relatively common sign and
symptom of various medical conditions. Anemia is defined as a significant decrease in the
count of total erythrocyte [red blood cell (RBC)] mass, although this definition is rarely used
in clinical settings. According to the World Health Organization, anemia is a condition in
which the number of red blood cells (RBCs, and consequently their oxygen-carrying capacity)
is insufficient to meet the body’s physiologic needs [1, 2]. The individual variation such as a
person’s age, gender, residential elevation above sea level (altitude), and different stages of
pregnancy changes the specific physiologic requirements of the body. Anemia is not a dis-
ease, but is instead the sign of an underlying basic pathological process. Nonetheless, the sign
may function as a compass in the search for the cause, as well as function as a road marker
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in the investigation of underlying pathological process [3]. Hence, the diagnosis according to
the symptoms obtained by history and physical examination of patients with anemia should
be supported by laboratory parameters related to the underlying pathological cause. The first
step in the diagnosis of anemia is detection with predictive, accurate tests so that important
clues to underlying disease are not missed and patients are not subjected to unnecessary tests
for and treatment of nonexistent anemia. Instead, clinicians rely on several other measures to
identify the degree and the cause of anemia in a given patient.

The purpose of this chapter is to discuss the clinical approaches with which a practicing physician
is able to evaluate a patient with underlying anemia.

2. Classification of anemia

Based on determination of the red blood cell mass, anemia can be classified as either relative or
absolute. Relative anemia is characterized by a normal total red blood cell mass in an increased
plasma volume, resulting in a dilution anemia, a disturbance in plasma volume regulation.
However, dilution anemia is of clinical and differential diagnostic importance for the hema-
tologist [4]. Classification of the absolute anemias with decreased red blood cell mass is dif-
ficult because the classification has to consider kinetic, morphologic, and pathophysiologic
interacting criteria. Anemia of acute hemorrhage is not a diagnostic problem and is usually a
genitourinary or gastrointestinal event, not a hematologic consideration.

Initially, anemias should be classified into two groups as diminished production and
increased destruction of RBCs. The number of reticulocytes is a remarkable parameter in the
materialization of this classification. Then, diagnostic analysis is able to be based upon both
morphologic and pathophysiological hallmarks.

Anemias can morphologically be classified into three subgroups as macrocytic, normocytic,
and microcytic hypochromic anemias. This classification is based on mean corpuscular vol-
ume (MCV) and mean corpuscular hemoglobin concentration (MCHC) of complete blood
count (CBC) and aids the physician to the diagnosis and monitoring of anemias that can be

easily cured, such as deficiency of vitamin B, , folic acid, and iron.

Pathophysiologic classification is best suited for relating disease processes to potential treat-
ment (Figure 1). In addition, anemia resulting from vitamin- or iron-deficiency states occurs
in a significant proportion of patients with normal red blood cell indices.

Each step indicated in Figure 1 can be disrupted and cause anemia. Identifying the affected
step is important for therapeutic intervention and specific treatment. The limitation of
pathophysiologic classification is that pathogenesis involves several steps in most anemias.
Therefore, the provided chapter is a guideline for the practical understanding of the processes
underlying the production and destruction of RBCs. Despite all these morphological clas-
sification is more useful in terms of convenience and clinical usage. Hence, morphological
classification serves to support the diagnosis and indirectly treatment in connection with the
laboratory and clinic. The major limitation of such a classification is that it tells nothing about
the etiology or reason for the anemia [5].
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Figure 1. Classification of anemia according to pathophysiologic characteristics (figure has been modified from Ref. [4]).

3. Laboratory evaluation

A comprehensive laboratory evaluation is required for definitive diagnosis and treatment
for any anemia, although the anamnesis (history of patient) and physical examination of the
patient may indicate the presence of anemia and propose its cause. As appropriate to this aim,
the various tests for the diagnosis of anemia are done with routine hematological tests such
as CBC and reticulocyte counts as well as studies of iron status that serve as a leaping point
to the diagnosis (Figure 2). When the diagnosis of specific anemic conditions is confirmed, a
large number of other specific tests are used [6]. Laboratory tests used in the diagnosis of ane-
mia are roughly summarized in Figure 2. The laboratory investigation of anemias involves
the quantitative and semiquantitative measurements of RBCs and supplementary testing of
blood and body fluids. The laboratory results obtained from these parameters are important
arguments in the diagnosis, treatment, and monitoring of the anemias.

3.1. Complete blood count

Prior to the development of modern hematology blood analyzers, blood counts included
hemoglobin (Hb) concentration, white blood cell (WBC) count, and manual platelet count. The
other parameters like mean corpuscular volume (MCV) had to be mathematically calculated
by using the measured parameters such as Hb, RBC count, and hematocrit (Hct). Modern ana-
lyzers provide CBC indices by using various physical and chemical methods such as electronic
impedance, laser light scattering, light absorption, and staining properties [7].

How will CBC parameters such as Hb concentration, Hct, RBC count, MCV, MCHC, WBC
count, platelet count, and other parameters related to formed elements of blood measured
by modern blood analyzers help the diagnosis or management of the patient? CBC identifies
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Figure 2. Laboratory tests used in anemia diagnosis (figure has been modified from Ref. [4]).

several different parameters and can provide a great deal of information. Hematologic and
biochemical variations of red blood cells determine whether the patient is anemic or not. If
anemia is present, MCV is likely to provide clues about the cause of anemia. While an infection
can lead to increased WBC, lymphocytosis can be seen in viral infections (but not always so).
Abnormal size or number of platelets may be either due to the direct effect of any underlying
blood disease or may simply be the reflection of the presence of some other underlying pathol-
ogies. Because of all these, CBC parameters obtained as a result of clinical evaluation should
be reassessed more carefully and curiously [7]. Therefore, the fundamental parameters of CBC
such as Hb concentration, RBC, Hct, MCV, mean corpuscular hemoglobin (MCH), MCHC,
and red blood cell distribution width (RDW) which plays an important role in the diagnosis,
treatment, and monitoring of the anemic patient will be explained below.

3.2. Hemoglobin concentration

Determination of Hb is a part of CBC. Hemoglobin is intensely colored, and this property
has been used in methods for estimating its concentration in the blood. Erythrocytes contain
a mixture of hemoglobin, oxyhemoglobin, carboxyhemoglobin, methemoglobin, and minor
amounts of other forms of hemoglobin [4].

Monitoring the response to treatment of anemia and to evaluate polycythemia, Hb concentration
is used to screen for diseases associated with anemia and to determine the severity of anemia [6].
Finding an increased Hb concentration requires a systematic clinical approach for differential
diagnosis and further investigation. The conditions such as polycythemia vera, congestive heart
failure, chronic obstructive pulmonary disease, etc., can cause Hb levels to rise.



Laboratory Approach to Anemia
http://dx.doi.org/10.5772/intechopen.70359

Decreased Hb levels are found in anemia. Hb must be evaluated along with the RBC and Hct.
In iron deficiency, hemoglobinopathies, pernicious anemia, liver disease, hypothyroidism,
hemorrhage (chronic or acute), hemolytic anemia (caused by transfusions, reactions to chemi-
cal or drugs, infectious and physical agents), and various systemic diseases (e.g., Hodgkin's
disease, leukemia, etc.), decrease in Hb levels can be observed.

Variations in Hb levels occur after hemorrhages, transfusions, and burns (Hb and Hct are both
high during and immediately after hemorrhage). Hb and Hct supply valuable information in
an emergency situation [8].

Excessive fluid intake, pregnancy, and drugs, etc., which cause increase in plasma volume and
decrease the Hb values, are interfering factors. Drugs such as methyldopa and extreme physi-
cal exercise can give rise to increased Hb levels. In addition, people living in high altitudes
have increased Hb concentration, Hct, and RBC count [8].

3.3. Red blood cell count

The quantification of the percentage of microcytic and hypochromic RBCs has proved its
clinical usefulness in the differential diagnosis of microcytic anemia [9]. RBC count has
been recognized as the most efficient single classical measurement in the differential diag-
nosis of microcytic anemia [10]. Iron-deficient erythropoiesis is characterized by the pro-
duction of RBC with a decrease in Hb content, so a high percentage of hypochromic cells
are present.

In B-thalassemia cases, increased RBC count is a characteristic as a result of chronic increase in
erythropoiesis. Therefore, MCV and MCH are lower in beta thalassemia than in iron deficiency
anemia [11].

3.4. Hematocrit

The word hematocrit, also called packed cell volume (PCV), means “to separate blood,” which
underscores the mechanism of the test, because the plasma and blood cells are separated by
centrifugation [6].

Decreased Hct values are an indicator of anemia, in which there is a reduction in the Hct. An
Hct <30% means that the patient is severely anemic. Decreased values also occur in leukemias,
lymphomas, Hodgkin’s disease, adrenal insufficiency, chronic diseases, acute and chronic
blood loss, and hemolytic reactions (transfusions, chemical, drug reactions, etc.).

Increased Hct values are observed in erythrocytosis, polycythemia vera, and shock (when
hemoconcentration rise) [4].

Interfering factors such as pregnancy, age, sex, and dehydration have different effects in Hct.
People living in high altitudes have increased Hct values and RBC count. Hct decreases in
the physiologic hydremia of pregnancy. Hct varies with age and gender. Hct levels are lower
in men and women older than 60 years of age. Severe dehydration from any cause falsely
increases the Hct value [8, 12].
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4. Red blood cell indices

The size and hemoglobin content of erythrocytes (red blood cell indices), based on popu-
lation averages, have traditionally been used to assist in the differential diagnosis of ane-
mia [13]. Some red blood cell parameters (for instance, RBC count, Hb concentration, MCYV,
RDW) are directly measured, while the others (e.g., Hct, MCV, MCHC) are derived from
these primary measurements [14]. These measurements are provided by any of the common
automated instruments. Instruments vary somewhat in their technologies. The most com-
monly used method is either a combination of a highly focused light source, an electric field,
and a laser-based flow cytometry or a radiofrequency wave to discriminate between cells.
Automated instruments are not only fast but extremely accurate. The coefficient of variation
(measurement error) of an automated counter is usually less than 2%, and each of the major
measurements, including the hemoglobin level, red blood cell count, and mean corpuscular
volume, can be standardized independently with commercial red blood cell and hemoglobin
standards [4, 6, 12].

4.1. Mean corpuscular volume (MCV)

MCV has been used to guide the diagnosis of anemia in patients, for example, testing patients
with microcytic anemia for iron deficiency or thalassemia and those with macrocytic anemia
for deficiency of folate or vitamin B, [4, 15].

The reference value of MCV =2 SD is 90 + 9 fL. and generally coincides with the peak of the
Gaussian distribution of RBC size. Although MCV is both accurate and highly reproducible,
errors may be introduced by RBC agglutination, distortions in cell shape, the presence of very
high numbers of WBCs, and sudden osmotic swelling [8]. MCV results are the basis of the
classification system used to evaluate an anemia (Table 1, Figure 3).

Increased reticulocytes and marked leukocytosis can also increase MCV [8]. The mixed popula-
tion of microcytes and macrocytes results in normal MCV values and is an interfering factor in
evaluating MCV.

4.2. Mean corpuscular hemoglobin (MCH)

MCH, the amount of hemoglobin per red blood cell, increases or decreases in parallel with
MCV and generally provides similar diagnostic information. Because this parameter is
affected by both hypochromia and microcytosis, it is least sensitive as MCV in detecting iron
deficiency states [16].

The reference value of MCH is 32 + 2 pg. This is an excellent measure of the amount of hemo-
globin in individual red blood cell. Patients with iron deficiency or thalassemia who are unable
to synthesize normal amounts of hemoglobin show significant reductions in the MCH [8, 17].

An increase of MCH is associated with macrocytic anemia; a decrease of MCH is associated
with microcytic anemia.
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Microcytic anemias (MCV 50-79 fL)

¢ Disorders of iron metabolism

¢ Disorders of porphyrin and heme synthesis

¢ Disorders of globin synthesis
Normocytic normochromic anemia
(MCV 80-98 fL)

* Anemia with appropriate bone marrow
response

* Anemia with impaired marrow response
Macrocytic anemias (MCV 99-150 fL)

¢ Cobalamin (B,,) deficiency

¢ Folate deficiency

* Unresponsive to cobalamin or folate

Iron deficiency anemia, anemia of chronic disease, congenital
hypochromic-microcytic anemia with iron overload

Acquired sideroblastic anemias, idiopathic refractory sideroblastic
anemia

Thalassemias, hemoglobinopathies, characterized by unstable
hemoglobins

Acute posthemorrhagic anemia, hemolytic anemia

Aplastic anemia, pure red blood cell aplasia, myelofibrosis

Lack of animal products, intrinsic factor deficiency, pernicious
anemia, hyperthyroidism, pregnancy, enzyme deficiencies

Lack of vegetables, celiac disease, hypothyroidism, folic acid
antagonists, hemodialysis

Metabolic inhibitors (i.e., 6-mercaptopurine), inborn errors (Lesch-
Nyhan syndrome)

Table 1. Classification and possible diagnosis of anemia according to MCV in clinical use [8].
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Figure 3. Flowchart to follow in the diagnosis of anemia according to MCV [4].
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Hyperlipidemia is one of the interfering factors of MCH because it falsely increases MCH
values. WBC counts >50,000/mm? also falsely provide increased level for MCV as well as for
Hb. In addition, high heparin concentrations also falsely elevate MCH value [8].

4.3. Mean corpuscular hemoglobin concentration (MCHC)

MCHC is not used frequently for diagnostic purpose, but is primarily useful for quality con-
trol purposes, such as detecting sample turbidity. Because MCHCs are average quantities in
the blood with mixed-cell populations, it is difficult for these red blood cell indices to detect
abnormalities in the blood [4].

The reference value of MCHC is 33 + 3 g/dL. The principal purpose of MCHC is to detect
patients with hereditary spherocytosis who has very small, dense spherocytes in the circula-
tion. These spherocytes represent cells that have lost considerable intracellular fluid because
of a membrane defect. In situations such as sideroblastic anemia, recently transfused patients,
patients with severe pernicious anemia with red blood cell fragmentation, and in conditions
where both folate and iron deficiency are present, both large and small red blood cells are
observed, which compromise the value of MCV. When present in significant numbers, they will
cause MCHC to increase to levels in excess of 36 g/dL [4, 6, 15].

Decreased MCHC indicates that packed RBCs (a unit volume) contain less Hb than normal.
MCHC is decreased in hypochromic anemia (MCHC < 30 g/dL) observed in iron deficiency,
microcytic anemias, chronic blood loss anemia, and some thalassemias.

Increased MCHC levels (RBCs cannot accommodate more than 37 g/dL Hb) occur in sphero-
cytosis, in newborns and infants.

Because of falsely elevating MCHC, lipemia, cold agglutinins or rouleaux, and high heparin
concentrations may be among the interfering factors. MCHC cannot be greater than 37 g/dL
because the RBC cannot accommodate more than 37 g/dL Hb [8].

4.4. Red blood cell distribution width (RDW)

RDW is an estimate of the variance in the volume within the population of red blood cells [4].
RDW, provided by automated counters, is an index of the distribution of RBC volumes. RDW is
derived from pulse height analysis and can be expressed as an SD (fL) or as a coefficient of vari-
ation (%) of the red cell volume. Automated counters use two methods to calculate RDW [6].
The first is referred to as RDW-CV. RDW-CV is the ratio of the width of the red blood cell
distribution curve at 1 SD divided by MCV (normal RDW-CV = 13 + 1%) (Figure 4). Since it
is a ratio, changes in either the width of the curve or MCV will influence the result. In micro-
cytosis, any changes in the RDW-CV simply reduce the denominator of the ratio. Conversely,
in macrocytosis the change in the width of the curve will minimize the change in RDW-CV. A
second method of measuring the RDW is RDW-SD and is independent of MCV. RDW-SD is
measured by calculating the width at the 20% height level of the red blood cell size distribu-
tion histogram (normal RDW-SD =42 +5 {L) [6, 8, 15].
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Figure 4. Red blood cell distribution width. Automated counters provide measurements of the width of the red blood
cell distribution curve. RDW-CV is calculated from the width of the histogram at 1 SD from the mean divided by
MCV [6].

Both measurements of RDW are essentially mathematical statement of anisocytosis. Increases
in the RDW suggest the presence of a mixed population of cells. Double populations, whether
microcytic cells mixed with normal cells or macrocytic cells mixed with normal cells, will
widen the curve and increase the RDW. The RDW-SD is more sensitive to the appearance of
minor populations of macrocytes or microcytes since it is measured lower on the red blood
cell volume-distribution curve (Figure 4) [4, 8].

The RDW can be used to distinguish thalassemia (normal RDW) from iron deficiency anemia
(high RDW). Also, it can be used to distinguish chronic disease anemia (normal RDW) from
early iron deficiency anemia (elevated RDW). RDW increases in iron deficiency anemia, vita-
min B,, or folate deficiency (pernicious anemia), abnormal Hb (S, S-C, or H), S-{3 thalassemia,
immune hemolytic anemia, marked reticulocytosis, and posthemorrhagic anemia.

The RDW may be an alternate marker for systemic inflammation and/or oxidative stress;
however, the predictive value of RDW is independent of other inflammatory markers. This
suggests that this biomarker also follows other nonempirical processes [8, 17]. The determina-
tion of the physiological and biological mechanisms that associate RDW to adverse clinical
results is important in using these prognostic biomarkers to therapeutic decisions [18].

4.5. Stained peripheral blood smear

Peripheral blood smears can provide important additional information about RBC morphology
in anemia and are easily prepared manually using glass slides. The hematology laboratory usu-
ally examines a peripheral blood smear if the patient’s indices are abnormal (unless there has
been no major change from previous CBCs). If an underlying blood disorder is suspected, a film
should be requested. Automated instruments ensure accurate RBC counts and indices and WBC
counts and differentials in both healthy and diseased individuals [8, 19].
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The peripheral blood smear complements the automated countermeasurements of MCV
and MCH. Visible changes in cell diameter, shape, and hemoglobin content can be used
to distinguish both microcytic and macrocytic cells from normocytic/normochromic RBCs
(Table 2) [6].

In clinical cases, the variation such as staining, color, shape, and inclusion bodies in the
blood smear of RBCs is not only an indication of RBC abnormalities but also a diagnosis
of diseases.

4.6. Reticulocyte count

Reticulocyte count is an essential component of CBC and has a substantial role in initially clas-
sifying any anemia. Reticulocytes are newly formed red blood cells with residual strands of
nuclear material called “reticulin” that remain following extrusion of the nucleus from bone mar-
row normoblasts [20]. The reticulocyte is a young red blood cell containing residual ribosomal
RNA that can be stained with a supravital dye such as acridine orange or new methylene blue [4].
The reticulocyte count can be used in differentiation of the patients with a functionally nor-
mal marrow response to anemia/hypoxia and those with a failed marrow response. Whenever
the reticulocyte production index (RPI) increases to levels greater than three times normal in
response to an anemia (hematocrit <30%), it can be assumed that the patient has normal renal
function with an appropriate erythropoietin response and a normal erythroid marrow with an
adequate supply of key nutrients (iron, folic acid, and vitamin B, ) [6, 15].

The patterns of some Comment

abnormal RBCs

Macrocyte Larger than normal (>8.5 pm diameter)

Microcyte Smaller than normal (<7 pm diameter)

Hypochromic Less hemoglobin in the cell. Enlarged area of central pallor

Spherocyte Loss of central pallor, stains more densely, often microcytic. Hereditary spherocytosis

and certain acquired hemolytic anemias

Target cell Hypochromic with central “target” of hemoglobin. Liver disease, thalassemia, Hb D,
and postsplenectomy

Leptocyte Hypochromic cell with a normal diameter and decreased MCV. Thalassemia

Elliptocyte Oval to cigar shaped. Hereditary elliptocytosis, certain anemias (particularly vitamin
B,, and folate deficiency)

Stomatocyte Slit-like area of central pallor in erythrocyte. Liver disease, acute alcoholism,
malignancies, hereditary stomatocytosis, and artifact

Acanthocyte Five to ten spicules of various lengths and at irregular intervals on surface of RBCs

Echinocyte Evenly distributed spicules on surface of RBCs, usually 10-30. Uremia, peptic ulcer,
gastric carcinoma, pyruvate kinase deficiency, and preparative artifact

Sickle cell Elongated cell with pointed ends. Hb S and certain types of Hb C

Table 2. Various forms and interpretations of RBCs observed in the peripheral blood smear examination [31].
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Reticulocytosis, increased RBC production, occurs when the bone marrow is replaced, is lost,
or has prematurely destroyed cells. Identifying reticulocytosis is important for the recogni-
tion of other clinic conditions such as hidden chronic hemorrhage or unrecognized hemoly-
sis (e.g., thalassemia, sickle cell anemia). Reticulocyte levels increase in hemolytic anemia,
immune hemolytic anemia, primary RBC membrane problems, hemoglobinopathy, RBC
enzyme deficits, and malaria.

Increased reticulocyte count after hemorrhage (34 days) or after treatment of anemias can
be used as an index for an effective treatment. In iron deficiency anemia, reticulocytes may
increase to more than 20% after sufficient doses of iron. A proportional increase in reticulocytes
can also be seen when pernicious anemia is treated by transfusion or vitamin B, , therapy.

If there is not enough erythrocyte production in the bone marrow, the reticulocyte count
decreases in untreated iron deficiency anemia and aplastic anemia, untreated pernicious anemia,
anemia of chronic disease, radiation therapy, endocrine problems, tumor in the marrow (bone
marrow failure), myelodysplastic syndromes, and alcoholism.

Interfering factors: Reticulocytes are normally increased in infants and during pregnancy.
Recently transfused patients have a lower count because of the dilution effect. The presence
of Howell-Jolly bodies falsely elevates reticulocyte count when automated methods are used.

Some other laboratory tests are useful to define the physiologic defects responsible for ane-
mia. Indirect serum bilirubin and lactic dehydrogenase (LDH) levels increase in patients with
increased hemolysis and in ineffective erythropoiesis. Indirect bilirubin levels correlate with
RBC turnover rate. Serum LDH is exceedingly responsive to increased rates of RBC destruction
(because of the excess levels of LDH 1 in RBCs) [8, 21].

Reticulocyte hemoglobin content (CHr or Ret-He) measurement demonstrates Hb synthe-
sis in marrow precursors. Ret-He also reflects the early stages of iron deficiency. Ret-He is
defined as an auxiliary parameter in the differential diagnosis of anemias.

5. Additional new red blood cell and reticulocyte indices

Current high-end automated cell counters measure unique properties of mature red blood
cells and reticulocytes on a cell-by-cell basis, not just as population averages. This results a
plethora of new indices that are in many cases specific to an instrument manufacturer, pre-
senting diagnostic opportunities but also a confusing nomenclature and a potential lack of
comparability. Some examples of parameters that have been studied include hypochromic
erythrocytes (HypoHe%), percentage microcytic red blood cells (MicroR%), reticulocyte
hemoglobin equivalent (Ret-He), reticulocyte hemoglobin content (CHr), red blood cell size
factor (RSf), low hemoglobin density (LHD %), and fragmented red blood cells (FRCs) [22-24].

Ret-He demonstrates the real-time information on the synthesis of young RBCs in the bone
marrow. Other available parameters are the percentage of RBCs with Hb content equivalent
<17 pg (HypoHe%) and the percentage of RBCs with a volume of <60 fL. (MicroR%), which
reflects the subpopulation of mature RBCs exhibiting evidence of insufficient iron content [6, 8].
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Estimates of reticulocyte-specific hemoglobin content (which are comparable) by light-scatter
measurements of reticulocytes are closely related to adequacy of iron availability to erythroid
precursors during the preceding 24-48 hours and have been described as diagnostically useful
in detecting functional iron deficiency [8, 22].

The CHr may be a better predictor of depleted marrow iron stores than traditional serum iron
parameters in nonmacrocytic patients and is a more sensitive predictor of iron deficiency than
hemoglobin for screening infants and adolescents for iron deficiency [25, 26].

Schistocytes or FRC is also used as new red blood cell indices. Nevertheless only a few
studies have been published on this parameter, but concerns have been expressed for false
positivity in the presence of hypochromic samples. Schistocytes are elevated in thrombotic
microangiopathies [1].

5.1. Marrow examination

Bone marrow examination has a special place in the cause of anemia since it is the organ of
blood production [20]. The marrow examination is of greatest value in patients who fail to
show an appropriate increase in the reticulocyte production index in response to anemia. A
sample of the marrow can easily be obtained by needle aspirate or biopsy to evaluate overall
cellularity, the ratio of erythroid to granulocytic precursors (E/G ratio), and cellular morphol-
ogy. In these patients defects in erythroid precursor proliferation or maturation play a major
role. Examination of any marrow aspirate should include a careful assessment for evidence of
a red blood cell maturation abnormality, especially changes in cell size, nuclear morphology,
and hemoglobin production. A number of anemias are characterized by distinct abnormalities
in the maturation sequence and the morphology at each stage of maturation [6]. The assess-
ment of the bone marrow is the gold standard in iron deficiency. The presence of the mineral
in reticuloendothelial cells is the key to the diagnosis [20].

5.2. Tests of iron

Iron supply tests (serum iron level, transferrin iron-binding capacity, and serum ferritin level)
play an important role in the initial differential diagnosis of an anemia. They are essential
components to the marrow iron stain whenever a marrow aspirate is performed [8, 22, 25].

1. Serum iron levels. This is serum iron (SI) measurement which reflects an amount of iron
bound to transferrin. The reference range of SI level is 50-150 ug/dL for an individual. The
proliferative capacity of the erythroid marrow and its ability to synthesize hemoglobin are
assessed by serum iron level [6].

2. Total iron-binding capacity (TIBC). The amount of iron which is bound to transferrin is
called TIBC. Actually, it is equivalent to measuring the level of transferrin. The reference
value of TIBC is 300-360 pg/dL. TIBC increases in excess of 360 ug/dL in patients with
severe iron deficiency.

3. Serum ferritin level. Ferritin is a spherical protein and is used clinically to evaluate total body
storage iron (body iron stores). A normal adult male has a serum ferritin level of between 50
and 150 ug/L, reflecting iron stores of 600-1000 mg. Serum ferritin levels decrease when the
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iron stores are depleted. Levels below 10-15 pg/L indicate iron deficiency due to exhaustion
of iron store [6].

5.3. Other measurements

For the diagnosis of specific hematopoietic disorders, there are some other laboratory tests.
Table 3 demonstrates some of the special assays for such disorders [1, 4].

The flowchart that follows is intended as a first approach for the diagnosis of anemia and is
a supplement to this chapter to demonstrate how the steps might be placed in a logical order
(Figure 3).

5.4. Evaluation and investigation of the patient with anemia according to laboratory
parameters

A CBC and differential and reticulocyte counts together with stained peripheral blood smear
examination should be the starting point of investigations. These confirm the clinical suspi-
cion of anemia and direct further investigation [5].

Hypoproliferative anemias Maturation disorders Hemolytic anemias

*Cytometric assay of CD59/CD55 *Serum vitamin B, level (vitamin B, *Hb electrophoresis and HPLC

levels (paroxymal nocturnal deficiency) (hemoglobinopathies)

hemoglobinuria) *Serum RBC folate level (folic acid *Coombs test (autoimmune

*Chromosomal analysis (leukemias) deficiency) hemolytic anemia)

*Marrow aspirate/biopsy special *Hb electrophoresis (abnormal *Cold aglutinin titer

stains hemoglobins) (autoimmune hemolytic anemia)

. TriFthm stain, s.ilver ‘Stain for *Hb A, level-HPLC (f-thal) *Haptoglobin level (hemolysis)
reticulin (myelofibrosis) *Hb F level-HPLC (B-thal) RBC

*G6PD screen (G6PD deficiency)
protoporphyrin level (iron deficiency)

Brillant aresyl blue stain

Table 3. Specific hematopoietic disorders and the associated laboratory tests [6].

The points to be followed in Figure 5 (A-F) may help to begin anemia investigation:
A. Check RBC status of the patient.

The RBC performs some functions such as transportation of O, and CO,. An increase in RBC
is referred as polycythemia. Patient may have a- or (3-thalassemia. Confirm abnormal hemo-
globins with electrophoresis, Hb A, value in [3-thalassemia will be >3.5%, check if there are
target cells, etc. A decrease in RBC accounts for less hemoglobin. If RBC count is low, patient
iron status should be checked (iron, TIBC, Sat%, ferritin, etc.).

B. If red blood cell morphology demonstrates schistocytes.

1. Red blood cell fragmentation can be investigated. Fragmented red blood cells (FRCs)
and hemolysis occur when RBCs get stressed through partial vascular occlusions or over
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abnormal vascular surfaces. “Split” RBCs, or schistocytes, are considered on peripheral
blood smears under these conditions; significant quantities of lactate dehydrogenase are
released into the blood from injured RBCs [4].

2. The ethnicity of the patient is important for this situation.

Check the patient for sickle cell disease (SCD). If the patient is normal for SCD, investigate
iron deficiency anemia.

C. Screen for uncorrected reticulocyte count.

Reticulocyte count and indices: Reticulocytes are stained by supravital staining. Typical normal
range is 0.5-1.5%. The count depends on total RBC count [12]. For both the pathophysiological
classification of anemia and to monitor marrow response after therapeutic interventions, reticu-
locyte count is clinically important [11, 19].

Reticulocyte count was used in the clinical and laboratory practice for a long time due to
three main factors: technical limitations in the detection of cell, the imprecision of manual
microscopic method, and high coefficient of variations in counts [28, 29]. The index is the
corrected value in relation to total red blood cell mass and Hb%. Increased count indi-
cates increased red blood cell turnover. Reticulocyte count can be used as a measure of red
blood cell production by correcting red blood cell count for both changes in hematocrit.
The result of correction reflects the effect of erythropoietin on reticulocyte release from the
marrow [6].

Obtain single correction reticulocyte count (reticulocyte index) (S):
S = Reticulocyte count x (Patient Hct/0.45) (1)

Double-corrected reticulocyte count or reticulocyte production index (RPI) is calculated by
dividing the single correction reticulocyte count by the maturation index.

In situations where the reticulocyte count is elevated, other possibilities should be inves-
tigated, for example, serum haptoglobin and hemopexin, which are degraded hemo-
globin-bound complexes, are impaired and can’t be monitored in acute intravascular
hemolysis. Unconjugated bilirubin in serum and urobilinogen in urine should be also mea-
sured. Unconjugated hyperbilirubinemia in the absence of urobilirubinogen in urine is a
marker of hemolysis [12].

If reticulocyte production index (RPI) is 23, peripheral blood smear should be examined for
abnormal morphology, and the values of bilirubin, LDH, serum-free Hb, urine Hb, urine
hemosiderin, and haptoglobin should be evaluated.

If Haptoglobin is >40 mg/dL, the patient probably has/had an acute hemorrhage or is respond-
ing to hematinic. Patient should be evaluated for external or internal bleeding.

If Haptoglobin is <30 mg/dL, probably the patient has hemolytic anemia. Bilirubin is usually
between 1.0 and 5.0 mg/dL. Mostly indirect bilirubin is present.
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Screen for uncorrected reticulocyte count if the patient has any morphological abnormalities
screen for uncorrected reticulocyte count.

Often, the etiology of a patient’s anemia can be determined if the shape or size of RBCs is
altered or if they include inclusion bodies (Table 2). Plasmodium falciparum malaria is sug-
gested by the presence of more than one ring form in an RBC, and the infection produces
pan-hemolysis of RBCs of all ages [30].

D. If normocytic, heterogeneous anemia is present.

The levels of ferritin and RBC folate/vitamin B,, should be examined to confirm/exclude the
possible early diagnosis of iron deficiency anemia, sideroblastic or megaloblastic anemia,
mixed deficiency, and myeloproliferative disorder. Serum transferrin receptor, homocysteine,
and methylmalonic acid levels can be also considered.

E. Check pyruvate kinase and glucose-6-phosphate dehydrogenase (G6PD) enzyme.

In severe hemolytic anemia, spherocytosis and RBC fragmentation may be seen in the stained
film. Although drug-induced hemolysis may indicate “bite cells” in the blood of patients with
G6PD deficiency, this may not always be associated with G6PD deficiency because such cells
are generally not found in patients with acute hemolytic conditions of chronic G6PD vari-
ants or patients with chronic hemolytic G6PD deficiency [4]. Repeat the history and physical
examination for splenomegaly.

F. If macrocytic, heterogeneous anemia is present.

The pattern of folate or vitamin B , of the patient should be checked. The homocysteine, meth-
ylmalonic acid, LDH, and indirect bilirubin values can be investigated. It is necessary to eval-
uate the intrinsic factor and parietal cell antibody to confirm or exclude pernicious anemia.

Is the patient anemic?
Miale Famale
Hb 2130 | Hb<130 Hb <120 | Hb21LD
] (3] +
' A
| wi he MCV and RDW? — ;
The patient s not anemic [ bty E kb [ The patient is not anemic
| Obtain reticulocyte count

|
I R [ I

\ \ '
MOV 579 | MCV <79 279 MCV <98 279 MOV 598 MCY >08 MCV >98
ROW <15 | ROW =15 ROW <15 ROW »15 ROW £15 RDW =15 |

A B c D E F

Figure 5. Flowchart as a first approach to diagnose anemia. In anemic patients, approaches should follow according to
MCV and RDW because of their comprehensibility and simplicity [27].
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The proper use and interpretation of laboratory tests are important in the diagnosis and treat-
ment of anemia. Whether the patient is anemic can be determined by using Hb, Hct, or RBC
count and the reference intervals for age and sex or the patient’s previous values [31]. Routine
examination of the blood includes CBC and examination of a stained peripheral blood smear.
The values could be normal in mild anemia with RBC count in normal range [32].

6. Conclusion

There is no single optimal marker or test combination in the differential diagnosis of ane-
mias [33]. The knowledge and experience of the physician who demands appropriate hema-
tological and biochemical tests related to preliminary diagnosis have the important role in
the diagnosis of anemias. It is recommended to use algorithms as a tool in determination
of anemias in order to reduce the laboratory tests and accurately diagnose the underlying
cause(s) in patients.

For the past decade, remarkable progress has been made in the procedures and algorithms in
the differential diagnosis of anemias. CBC is the main procedure for investigating anemia. The
percentage of microcytic RBCs is considered in the first step. In the second step, MCV, RDW,
and RBC count should be examined. It is advocated that innovative algorithms, including
parameters reflecting hemoglobinization of RBCs and reticulocytes, are integrated to improve
the differentiation between anemias. Subsequently, new algorithms, including conventional
as well as innovative hematological parameters, were assessed for subgroups with microcytic
erythropoiesis. Nowadays automated reticulocyte counts provide new parameters to evalu-
ate marrow activity [29]. It is therefore important to establish accurate and reliable criteria for
both identifying the specific causes of anemia and evaluating the impact of intervention strate-
gies. These should be followed by laboratory tests that are mandatory and simple to perform.

7. Key points of this chapter

CBC is the most sensitive measure in the routine use to obtain the information about the pres-
ence and severity of anemia.

For the evaluation of anemia, there are some essential basic laboratory tests such as CBC,
reticulocyte count, blood smear morphology changes, iron balance studies, and bone marrow
morphology reports.

Severity of the hematocrit/hemoglobin changes in MCV, RDW, and blood smear morphology
are the first parameters to evaluate anemia. These help to define the anemia as normocytic,
microcytic, or macrocytic.

Reticulocyte index defines the adequacy of the erythropoietin and red blood cell production
response.
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Bone marrow examination can also provide information about proliferative response and
whether there is any defect in precursor maturation.

Iron studies should also be included in the investigation of anemia.

In conclusion, identification of the cause of anemia by the clinician with the support of laboratory
data is an important step to diagnose, treat, and monitor the underlying pathological process.
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Abstract

Cowpeas (Vigna unguiculata L. Walp) are widely distributed throughout the world, being
a relatively cheap source of protein and energy, but underutilized in most countries. The
World Health Organization (WHO) estimated that about 1.62 billion people are affected
by anemia and that preschool children are the most affected, with a prevalence of 47.4%.
Several countries have stepped up efforts to reduce iron deficiency anemia by supple-
menting iron, as well as universal fortification of foods with iron and other micronutri-
ents and vitamins. Parallel to these programs, several intervention studies were carried
out with the same objective, using various forms of food fortification/enrichment aimed
at the control of anemia. Fortification/food enrichment has contributed to the reduction
of the prevalence of anemia. The biofortification of foods, such as cowpea, produced in
countries of Africa and Latin America, including Brazil, where the prevalence of anemia
is high, deserves attention because can be used in the usual form of ingestion and also in
the form of flour in the preparation of products for children, with greater acceptance by
them, constituting a new and promising strategy to reduce the levels of iron deficiency
anemia.

Keywords: cowpea, iron deficiency anemia, cowpea flour, children, enrichment, food
fortified

1. Introduction

Among the various legumes, cowpea (Vigna unguiculata (L.) Walp) is present in tropical
and subtropical regions, being widely distributed throughout the world. It is considered
a relatively inexpensive source of protein and energy, but is still underutilized in most
countries [1].
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The World Health Organization (WHO) estimates a high prevalence of anemia in worldwide,
with children being the most affected, especially at preschool age, leading to several injuries
ranging from the reduction of physical capacity to the increase in propensity to infections and
mortality [2].

In an attempt to reduce this problem, several countries have intensified actions directed to
reduce this lack by iron supplementation as well as through the universal food fortification
with iron and other micronutrients and vitamins [3, 4]. Cowpea tree genetic improvement
programs, such as HarvestPlus, aim to obtain cultivars with high productivity, resistance to
diseases, and biofortification with micronutrients, also improving the nutritional quality of the
beans [5]. Concomitant to this process, studies have been carried out and enriched/fortified
products have been developed in an attempt to help in the fight against iron deficiency anemia.
In this sense, cowpea flour is a raw material with great potential to be used in the development
of products aimed at children as a strategy to reduce and/or control iron deficiency anemia.

2. Cowpea

The cowpea (V. unguiculata L. Walp) is a legume found in several countries, from Africa to
other developing and developed countries, such as the United States of America. For a large
part of the population in several countries is the main source of protein, calories, dietary fiber,
minerals, and vitamins [1, 6, 7]. It also has bioactive compounds, highlighting the phenolic
compounds [8], which makes it potentially important for the human diet from the nutritional
point of view. It is mainly consumed in the form of dry beans, and may also be eaten as a
vegetable, in the form of fresh beans and pods, or in the form of flours obtained from dry
beans, weighing 16.5 g (weight of 100 grains). The plant has a semipruned size, with flourish-
ing of 4045 days after sowing and cycle of 65-75 days after seeding [9-11]. Despite being a
relatively inexpensive source of protein and energy, it is underutilized in many countries,
especially the developed ones, while it has been incorporated as an important staple food of
poor communities in developing countries [9].

In Brazil, it is one of the most important crops in the North and Northeast regions and
in great expansion in the Midwest region of the country, which is adapted to the heat
conditions and water deficiency present in these regions due to its rusticity and precocity
[10, 12, 13]. Specifically in the Northeast, according to a survey by the Brazilian Institute
of Geography and Statistics—IBGE, the production and the productivity yield around
258,187 t and 250 kg/ha, respectively, and the largest producing states of this region are
the states of Bahia (106,653 t), Ceara (52,721 t), Maranhao (34,837 t), and Piaui (26,520 t)
[14]. In this sense, the cultivation of cowpea in much of the country is held by family-based
farmers; however, it has been incorporated into a production system of small, medium,
and large companies, using modern technologies [15]. The growing interest in its culti-
vation has led to the production of several cultivars with good nutritional, culinary, and
agronomic characteristic such as the Brazilian (BRS) cultivars BRS-Xiquexique, BRS-Aracg,
BRS-Tumucumaque, BRS17-Gurguéia, BRS-Marataua, among others [15, 16].
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Figure 1. Cowpea cultivars: (A) BRS-Aracé, (B) BRS-Xiquexique, and (C) BRS-Tumucumaque.

The HarvestPlus program is developing genetic improvement research of various foods
around the world in an attempt to counter the most varied micronutrient deficiencies.
Among the researches developed are of bean (Phaseolus vulgaris) and the cowpea (Vigna
unguiculata), because these are the most common legumes in Latin America and Africa (East
and southern regions), regions of high prevalence of iron deficiency anemia [5]. The Food
and Agricultural Organization (FAO) presents estimates of cowpea production in 35 coun-
tries. In Brazil, the Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA) also devel-
ops biofortified agricultural products, one of which involves the cowpea (V. unguiculata
(L). Walp), a species rich in iron (61.3 mg/kg), zinc (44.7 mg/kg), and protein (24 g/100 g),
with several cultivars, among them, BRS-Aracé, BRS-Xiquexique, and BRS-Tumucumaque
(Figure 1) [17].

In order to increase the efforts on complementary interventions to numerous nutritional
deficiencies, biofortification has emerged as an option, in order to reduce the problems of
deficiencies of several micronutrients, including iron, and is characterized by the increase of
nutrient content in foods, through conventional breeding or genetic engineering [18, 19].

The biofortification of cowpea combined with the positive results obtained in intervention
studies boosted research using cowpea flour in the development and improvement of com-
monly consumed products, sensorially accepted with nutritional characteristics superior to
the standard formulation, such as cheese breads [20], blends containing cowpea flour for the
production of fortified maize snack [21].

3. Nutritional and iron deficiency anemia

Nutritional anemia is defined as a pathological process in which the hemoglobin concentra-
tion in erythrocytes is abnormally low, with respect to the variation of age and sex, which is
due to the lack of one or more essential nutrients such as iron, folic acid, and/or vitamins A,
whatever the cause, with iron deficiency being the most common [22, 23]. Although different
nutrients and cofactors are involved in the maintenance of normal hemoglobin synthesis,
iron deficiency anemia has been the most widespread and frequent nutritional deficiency in
the world, both in industrialized and developing countries, the prevalence being four times
higher in the latter [23, 24].
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The iron deficiency anemia, in turn, is characterized by the reduction or absence of iron
reserves, low iron concentration in the serum, low transferrin saturation, low hemoglobin
concentration, and hematocrit reduction. Initially, the forms of iron, ferritin, and hemo-
siderin, reserve decreased, with hematocrit and hemoglobin levels remaining normal.
Furthermore, the serum iron level decreases and, concomitantly, the iron-binding capacity in
transferrin increases, resulting in a decrease of the percentage of iron saturation in transfer-
rin. Consequently, there is a slight decrease in red cells circulation. This stage can be called
iron deficiency without anemia. The iron deficiency anemia represents the most advanced
stage of hyposiderosis, characterized by the reduction of hemoglobin and hematocrit, which
is reflected in changes in erythrocyte cytomorphology, presenting microcytosis and hypo-
chromy and causing disturbance in the mechanism of oxygen transport, leading to inade-
quate supply of iron to the tissues and possible functional damage to the organism [24-26].

The World Health Organization (WHO), in a global analysis of anemia, estimated that about
1.62 billion people are affected by this condition across the world and that the preschool age
children are most affected, with prevalence of 47.4% [2].

Some of the most varied injuries triggered by the installation of anemia in the infant popula-
tion are the deficit of cognitive development, the reduction of physical capacity, the commit-
ment of the work activity, the physical and psychomotor development retardation, depression
of the immune system with a greater propensity to infections, and increased mortality [27].
These negative implications lead to severe damage in school performance, which means that
this deficiency is considered a major public health problem in both developing and developed
countries. Its consequences affect not only the population health but also the social and eco-
nomic development of the world [2, 28, 29].

A serious and frequent problem in childhood anemia is the fact that many children are born
to mothers who have iron deficiency anemia and therefore start in life with iron deficiency.
This congenital iron deficiency can be further aggravated by nutritional insufficiency both
qualitatively and quantitatively, further exacerbating the problem [30].

The highest susceptibility of anemia in children occurs at the preschool age, especially in
children 24 months of age, strengthening the hypothesis that the disease is significantly more
prevalent in younger children. This greater vulnerability can be attributed to the accelerated
growth accompanied by a consequent increase in iron requirements in the first year of life.
Low iron reserve at birth can also be an important factor in the onset of anemia, since the
intrauterine mineral storage and exclusive maternal breastfeeding ensure that the needs of
the infant are met only until the first 6 years of life [31].

Table 1 shows the studies performed in the period from 2014 to 2016 by different authors
in the international scope that evaluated the prevalence of anemia in children. The results
show that the prevalence of anemia is moderate to severe in several countries, including in
Europe. This study was carried out in 19 European countries, highlighting the importance of
interventions for the control, as it is a serious public health problem.

In Brazil, there is no national survey of prevalence of anemia; there are only studies in different
regions of the country, showing a high notoriety, being considered an important public health
problem, since it is not restricted to poor malnourished populations [39]. Table 2 shows the
prevalence of anemia in children from 2010 to 2016 in Brazil, according to different authors.



Foods Produced with Cowpea Flour as a Strategy to Control Iron Deficiency Anemia in Children
http://dx.doi.org/10.5772/intechopen.69892

Location Sample number/age  Anemia (%) Year References
Ghana 2168/<5 years 78.4 2014 [32]
China 1290/6-23 months 49.5 2015 [33]
Peru 1372/<5 years 2015 [34]
Indigenous 51.3
No indigenous 40.9
Armenia 729/0-59 months 324 2015 [35]
Europe 7297/6-12 months 2-25 2015 [36]
12-36 months 3-48
Brazil 1210/2-6 years 26.3 2016 [37]
United States 1437/1-5 years 1.1 2016 [38]

Table 1. Prevalence of anemia in children in studies published between 2014 and 2016.

Region Anemia (%) Year References
North 57.3 2011 [40]
North 30.6 2011 [41]
North 13.6 2012 [42]
North 51.8 2012 [43]
Northeast 92.4 2010 [44]
Northeast 32.8 2011 [45]
Northeast 36.5 2012 [46]
Northeast 35.0 2013 [47]
Northeast 36.0 2014 [48]
Northeast 26.3 2016 [37]
South 63.7 (12-16 months) 2010 [49]
38.1 (34 years)
South 29.7 2011 [50]
South 58.5 2011 [51]
Southeast 26.0 2011 [52]
Southeast 30.8 2012 [53]

Table 2. Prevalence of anemia in children by region of Brazil, studies published between 2010 and 2016.

4. Strategies for control of anemia

According to Stevens et al. [54], world awareness about anemia and its consequences for the
health and development of women and children has increased in recent decades. In 2012, the
65th World Health Assembly adopted a plan of action and strategies for mothers and children
with the goal of halving the prevalence of anemia in reproductive age until 2025, from 2011
levels, thus increasing attention to nutritional intervention initiatives [54].
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Among the measures for the prevention and control of iron deficiency anemia, several coun-
tries have intensified actions directed to reduce this lack by iron supplementation as well as
through the universal food fortification with iron and other micronutrients and vitamins [3,
4]. The most frequently used target vehicles for fortification are cereals [4]. In this sense, as
other countries, Brazil instituted the universal mandatory fortification of wheat and maize
flour with iron and folic acid in the last decade [55]. In parallel to these programs, several
intervention studies have also been carried out in order to contribute to the control of this
deficiency, through the development of interventional researches that use various forms of
food fortification/enrichment aiming the anemia control.

The iron supplementation, according to WHO guidelines for direct daily iron supplemen-
tation, it should be considered a first-line intervention in high-risk or high-prevalence
groups. In endemic regions, the empirical administration of anthelmintic medications
may also be justified [2]. However, studies highlight the low adherence to supplementa-
tion with iron salts. Even when the supplements are available, and mothers are instructed
to supplement their children, they often do not administer the correct dosage and long
enough to get benefits in hemoglobin levels due to side effects such as diarrhea, cramps,
among others [56, 57].

As a successful example of this type of intervention, we have the intervention performed by
Moreira-Araujo et al. [58], who performed a nutritional intervention with a snack developed
with chickpea, bovine lung, and corn, rich in iron for 60 days, three times a week, to control
anemia in preschool children, decreasing the prevalence of anemia from 61.5 to 11.5% [58].
Other studies used iron-fortified cowpea in the interventions. Adom et al. [59] investigated
the effect of iron-fortified maize-cowpea blend (ferrous fumarate added) in controlling iron
deficiency anemia in Ghana’s high-risk population. Fifty-six children aged 6-18 months were
randomly assigned (i) iron-fortified food or (ii) noniron-fortified food, fed daily for 6 months.
Significant differences were observed in hemoglobin concentration (1.08 + 1.43 compared
with 0.40 £1.72 g/dL, p =0.0009), and the risk of developing anemia was about three times less
likely among this group compared to the nonfortified group [59]. Another study conducted
in Ghana with children aged 5-12 years with cowpea meal fortified with iron (NaFeEDTA)
and nonfortified cowpea showed a reduction of 30 and 47% in the prevalence of iron defi-
ciency and iron deficiency anemia, respectively, with the use cowpea meal fortified with iron
(NaFeEDTA) indicating that when used for targeted school-based interventions, fortification
of cowpea flour is effective in improving iron status and consequently reducing the preva-
lence of iron deficiency anemia [60].

On the other hand, Paganini et al. [61] warn of the risks of fortification of complementary foods
at home by adding micronutrient powders, widely used in African countries. It also shows
that, in controlled studies, these micronutrient powders containing iron significantly increase
the risk of diarrhea in infants, with an increase in the number of hospitalization. These foods
decrease the number of beneficial intestinal bacteria, increasing the ratio of enterobacteria
to bifidobacteria, contributing to an increase in the number of opportunistic pathogens and
inducing intestinal inflammation in school-age children [61].
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5. Product development with cowpea flour with potential to be used in
interventions in children

The development of foods enriched/fortified has great importance not only for the food indus-
try but also to raise the quality of food and nutrition of the population, since it is possible to
create new products or improve existing ones with balanced compositions in relation to some
nutrients, thus improving the nutritional value of various foods available in the market. Many
of these products have been developed using unconventional raw materials selected to pro-
duce naturally enriched foods which are a means of substantially improve their nutritional
quality [62]. Often these raw materials are not included in consumers” habits and can contrib-
ute to improve the intake of important nutrients that are not usually found in conventional
foods [58, 63, 64]. Flour production has been outstanding for this purpose, as they are rich in
starch and mineral salts and present great variability for the food industry, especially in bak-
ery products, dietetic products, and baby foods [65]. In this sense, studies have been carried
out using cowpea bean flour (Figure 2).

In 2010, Frota et al. [66] have developed a work whose objective was to enrich bakery prod-
ucts, such as cookie and rocambole roulade with cowpea flour, to evaluate their acceptance
and chemical composition, including the mineral content (iron, zinc, magnesium, potassium,
and phosphorus) and vitamins (thiamine and pyridoxine). For this, three cookie formula-
tions containing 10, 20, and 30% of cowpea flour and two rocambole formulations containing
10 and 20% of the flour were developed. It was observed an increase in the protein content
of the cookie with 30% and of the rocambole with 20% of cowpea flour and the amount of

Figure 2. Cowpea flour.

263



264

Current Topics in Anemia

ashes of the cookies with 20 and 30% and rocambole with 20% of cowpea flour, when com-
pared to the standard formulations. The content of the analyzed minerals and pyridoxine has
increased as the cowpea flour was added, while the thiamine concentration increased only
in the rocambole with 20% of the flour. The cookie with 10% of cowpea flour was the most
sensorially accepted (84.4%) by means of the nine-point Hedonic scale sensory test, ranging
from 1 “extremely disliked” to 9 “extremely liked,” among the cookies formulated with the
flour, in addition, the rocambole with 10 and 20% of the flour had good acceptance (86.7 and
77.8%, respectively). Thus, all formulations containing cowpea flour had scores higher than
6, showing that the products were sensorially accepted. Thereby, the study showed that the
addition of cowpea flour improved the nutritive value of cereal-based formulations and that
this practice is feasible [66].

Cavalcante et al. [20] developed a cheese bread enriched with whole grain biofortified cowpea
flour and evaluated their acceptance and chemical composition (Figure 3A). For this, two for-
mulations of cheese bread, F1 and F2, containing 5.6 and 8% of cowpea flour in substitution
of flour, respectively. To check the acceptance, three sensorial tests (Hedonic scale, purchase
intention, and matched comparison) were used, and F1 was sensorially viable, according to
the assessors, being chemically analyzed. The addition of cowpea increased the levels of cop-
per, iron, phosphorus, magnesium, manganese, and zinc, as well as the levels related to pro-
teins and carbohydrates. On the other hand, the moisture contents, lipids, and total caloric
content decreased when compared to the standard formulation. Therefore, it was concluded
that cowpea, a raw material in evidence in the national market, presents itself as an option
for the enrichment of gluten-free bakery foods, such as cheese bread, including improving
the technological quality of this product in relation to the growth and expansion of the mass,
providing a better texture, due to its chemical composition [20]. Shakpo and Osundahunsi

Figure 3. (A) Cheese bread and (B) cereal bar enriched with cowpea flour.
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[21] studied the effect of the addition of cowpea on corn flour. Flour mixtures were produced
from corn and cowpea flours in the following proportions of corn:cowpea 90:10, 80:20, 70:30,
and 100% corn as a control, and the overall result showed that 20% of cowpea substitution
was the most adequate percentage to produce a mixture of nutritious and acceptable corn and
cowpea flour, which can be useful for pastry and confectionery [21].

Other products fortified with cowpea have been developed, such as cereal bars in technological
innovation projects. A patent application filing of a cereal bar enriched with cowpea, cashew
fiber, honey, and cashew nuts was made, registration number: BR1020140169873 [67] and a
cereal bar enriched with cowpea flour (Figure 3B), registration number: BR1020140169792
[68]. These products were accepted by more than 90% of the sensory assessors, which attrib-
uted grades between 8 (I really liked) and 9 (I liked very much), demonstrating the potential
of acceptance of the products for nutritional interventions in population, both adults and
children, to control endemic deficiencies such as iron deficiency anemia.

6. Nutritional interventions with cowpea flour to control iron
deficiency anemia

Most studies with nutritional interventions using cowpea flour to control iron deficiency anemia
were developed with cowpea fortified with elemental iron, as in the studies of Adom et al. and
Abizari et al. [59, 60], but satisfactory results were also obtained with the use of cowpea flour
without addition of elemental iron in the control of anemia in children. This can be observed in
this same study carried out by Abizari et al. [60], in which an intervention was performed with
cowpea meal fortified with iron (NaFeEDTA) and nonfortified cowpea (control group), and it was
observed that the group that ingested nonfortified cowpea flour also presented reduction in the
prevalence of anemia, iron deficiency, and iron deficiency anemia at the end of the study, showing
that the use of cowpea flour alone may be a good strategy in the control of this endemic disease.

In Brazil, Landim et al. [69] conducted an intervention study with 262 preschool children aged
2-5 years attended at municipal Childhood Educational Centers in Teresina, Piaui. One group
received cookies prepared with wheat flour fortified with iron and folic acid. The other group
received cookies prepared with cowpea flour biofortified with iron and zinc in addition to wheat
flour enriched with iron and folic acid (Figure 4A and B) and noted that both cookies reduced the
prevalence of anemia with a larger reduction in the latter group. In addition, a higher increase in
hemoglobin levels (12.4-14.7) was observed in the group receiving the cookie prepared with cow-
pea flour fortified with iron and zinc (p =0.003), whereas the group that received cookies prepared
with wheat flour fortified with iron and folic acid showed hemoglobin levels of 12.6 and 12.7 (p
= 0.0754) before and after the intervention, respectively. The study showed that the use of cookie
based on cowpea flour of the biofortified BRS Xiquexique cultivar, as a nutritional intervention
proposal, is a viable option because it contains a low cost ingredient, from the habit of the popu-
lation and that resulted in a product with adequate composition and acceptance by the studied
population [69].

The high prevalence of anemia worldwide has warned government institutions and researchers
to develop several research studies in an attempt to reduce the numbers and damage, especially
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Figure 4. Cookie enriched with cowpea flour of the biofortified BRS Xiquexique cultivar and intervention with preschool
children.

to the most vulnerable groups such as children. Drug supplementation has been shown to be
effective, but still presents a considerable degree of resistance to the use by children and mothers.
Food fortification/enrichment is routinely practiced in several countries and has contributed to
reduce the prevalence of anemia, but the biofortification of food as the cowpea, which is produced
in countries in Africa and Latin America, including Brazil, where the prevalence of anemia is high,
deserves attention because it can be used in the usual form of ingestion (in the form of grains), can
be used in the form of flour in the preparation of products for children, with greater acceptance
by them, constituting a new and promising strategy to reduce the levels of iron deficiency anemia.

Cowpea is a food that can assist to reduce nutritional endemics, such as iron deficiency ane-
mia, and also improve the quality of the population’s diet. It can be used as a raw material in
formulations such as snacks, cereal bars, cookies, pizza dough, and various bakery products,
in addition to its use in the traditional may as a cooked legume, because it contains nutrients
such as proteins, minerals, vitamins, and bioactive compounds.
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